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TD 1-2 OUT 
TD 2-3 OUT | 
TD 3-4 OUT 
> В 
704-5 OUT 
A 
REV: A; 
COMPUTER 


IMAGE CORPORATION 
2475 W. 2nd AVE 
DENVER, CO. 80223 


LEVEL DETECTORS 
VIDEO PROCESSOR 


W REV: А; 
C6 y 


| COMPUTER IMAGE CORPORATION 
То лву % U6 BECKMAN 699-3 EET Ween Ма 

RUS ше DENVER, CO. 

D = ALL RESISTORS ARE \/4 М 5%,UNLESS OTHERWISE SPECIFIED з 

I/2w 


SYSTEM IY 
? MON. PINCUSHION CVS-127-2 
CORRECTION SHI OF | 


RIS LIN. I 


C3 
RI 
oy БС JOOK === 
са X 
RI 214 
1000 pf ZOK IOOK LIN 2, 
R6 
20K C5 RIO к 
85 LIN.3 3.9K 120рї 1%, 
m -H5V 
LIN 3A Ж, А 
R8 co 
IOK 
x IN 1% Том 
XQUT 
s PISO т" 
X PINC IN 82K а Bip 
ges R9 Cio LIN | LIN ЈА 
СІЗ \ b= 
4-20 pf -15V 
X-PINC. PEAKING C6 R 
Шы — soos 824 n2. ући 
E E 
(00bf — 8% BOK им 


4 св 
R21 LIN: 3.9K 
IOK 
LIN 3A ж C) 
Е!8 
ОК 
YIN 1% 
Your 
* g 17 
R29 45 R30 E А 


20 
RIS 
Y PINC IN 82K 
кез 10K 10K 
R20 ci2 ым 2Ad UN ТА 
RI см 5.1K ow 
> 5 са 4-20 pf : | ж 
14 i Y-PINC PEAKING -15У 
Hl, 12 
2475 М. 2nd. AVE. à 
DENVER, COLORADO 80225, 


— — 


"Nd MON YOKE COMP. 
а PINCUSHION ADDER 


BELFUSE 
9440-0925-75 


76,0 ез 777 
Ó 9% 


1% | DL3 


+5V 


R3 
10 


-5V 
Q2 
WUMpER > R4 SNES 


0 
B SC VIDEO! „о У ep 


=> 45V 
7 


IN UT Li 
TA PE 7118 
400nS 
in 1р2 
PE7IIB pe 
soos of 
"our 
R8 
100 


RIS ви ФЕ22 C6 
100 1K 0941” 401 
uf [eo 
8 
9 IC2 


45V 
(15) 


NOTE : 


ALL RESISTORS ARE 144W+5% UNLESS OTHERWISE SPECIFIED. 
ALL CAPS IN pF UNLESS OTHERWISE SPECIFIED 


а В SC VIDEO 2 


DELAYED 
LOW VIDEO OUT 


REV: 


"COMPUTER IMAGE CORPORATION 
2475 W. 2nd AVE 
DENVER, CO. 80223 


DELAY AMP 


6 HIGH VIDEO OUT 


JUMPER = 


212 = 
RII 
RU 0077 2 102 2. 
/ СА 2046 
7 
^ у 


17 LOW VIDEO OUT 


CAM BLANKING 


Z BLANKING 


COMPUTER IMAGE CORPORATION 
2475 W. 2nd AVE 
DENVER, CO. 80223 


= E NOTE 
Ы ALL RESISTORS ARE 1/4W+5% UNLESS OTHERWISE SPECIFIED. 


INPUT 


АМР CVS-134- 4 


SH | OF 1 


= 


КЕСЕ 


~ ELAY AM VIDEO I! 
225 DELAY CAM VIDEO IN | 


+5V 


| 

| 

f | 

| 4 > SY. 
| 


v> INVERT EN 


ORMA 
T > NORMAL 


I BLANKING о 
| 741804 


E] 


R52. 


2 
{~ 

ж ICI 

7| CA3054 
9 

4 

5 


4 
D 
13 
6 — 
|! 
Ira 
8 
В24‹ R23« R2 
IOKE 200< 200 
1% 
RI3 
3.9K 
RI4 
I. 3K ae 
D3 
+5М R21 
О 24K 


R42 


ий вк 15У Ото PINIZ OF 125 6 1C6 
] 5.1 V2w +С5 
1 100 


Д: 25V 


7 
6 
9 
5 
2 
4 
| 
R3 R4 
200 2200 
ЧОКО ЖЕЛ SE АЛЕ ЕЖЕН E E SA a сє Pug 
| 
QI 
2N3906 


ICE 
CA3046 


4 


R26 
эк 


CI 
59ef 
R40 
560 
(Pr 92 
K 2N3906 
R41 
1.5K = R44 
2.4K 
Q4 
2N3904 
R48 
R50 ег. 
5.1/2 W 


NOTES: ALL RESISTORS ARE 1/4 \/ * 59/2UNLESS 


"OTHERWISE SPECIFIED. 
ALL DIODES АВЕ 133064 


2004 200 RIB 


2002200 


RI? 


T 
9 
6 ECS 
5| САЗО46 
2 
4 
8 
R5 
Í 
D8 
R29 
2.4K 
R5I 
+15V 14 
t 10 
c2 
lo f 
Т 
R7 = 
62 O+5V KEY VIDEO OUT «2 N 
R4? 
10 CA 


13 
-5V 10 
REV: A;B; 
COMPUTER 2475 N 2nd AVE 
IMAGE DENVER,COLORADO 80223 
CORPORATION 
а ESO 
АЛ 0 0s хи M 


"E BACKGROUND COMPARATORS |"cvs-i35-1 
$4 | OF ! 


05 


СР. 


BRUNING 


3 
2 7K 
ә on ——— Ae 
BLKG 227 | 
| 


LEVEL 2-3 


a 
HIGH VIDEO ім 


dM um а 4. 
„а 


DI 
O18 
RS 
65 
85 
као 
51 /2w 
Orv 
са 
I а 
R41 
54 1/29 
15 У 
c5 


"NOTES" 


ALL RESISTORS ARE 1/4У/ X 595 


ALL OIODES ARE 


ІМЗ064 


UNLESS OTHERWISE SPECIFIED 


R30 


R32 
LOOK 1% (ар 412 19/5 
Ex 2N3906 c2 
S6 pf 
R33 
6.8K 
R35 
100 
? 
! 
Or SV 


75 1% сз 
Ол 


RGB OUT 
їз 


REV: 


COMPUTER IMA 
песком нк НЫ 


кан. n eee С 
" MW/29773 | | 
" Mr “ ma "AO Aaa А ~ + О, 753 і E р Bi АГ: 


s s ——— .. LM 


RE 


| CVS-136 -2 
| SNI OF ! 


R39 
10K, 1% 


16> 


Ñ A 


6 
‚1% 


10K, 1% 10K 


18» 


>< 
3» 


R23. R25 
10K, 1% 10K, % 


22 


-10K, 1% 


R31 R33 
IOK, 1% 10K, 1% 


COMPUTER IMAGE CORPORATION 


2475 W. 2nd AVE. 
DENVER , CO. 80223 


SRo 29—41. 
v: UNLESS OTHERWISE SPECIFIED 
1/4 WATT, +5% 


RI 
5.1.0,1/2W 
+15 DNE —= 415 ALL RESISTORS ARE 
+ ci ALL CAPACITORS ARE IN jf 
Т 4vzs ALL OP AMPS ARE TLO84 ACN 


қ R2 = 
% —15 AD ME 1з 
| COLOR MIXER 
SYSTEM IW 


c2 
+ 47/25 


22 z 
s Т с!4 iH 
5.10. = pied 00. 
|/2W aid T 
14 «5 ы Ы оС м. oc Ona о е ассо Холада ое ae " 
4 сэ 02 Q9 AST noce | 
C! |5ү -|8У R20 $ 5.1K TIP aaA HEAT 
Tor S - IN4742 ha 2513- 630. A AOOB | 
63V Q5 VN | | 
| к | R56 $R59 ' | 
| ›5кК $15K ! | 
09 010. 11959 | 1 
| А 
| | | 
< m 910 | | 
» INPUT 20K Ero TIP34 A я | 
| R4 499K | і | 
22 | Ve 07 | | 
| 
| НОА Қалы њен 
i и g YOKE RETURN 
TP. 
OUTPUT 
| TO YOKE 
17 
do adip ка А; d 
TIPs3A | ASTRODYNE | 
(7 HEAT SINK | 
UN 2513-030-AOOB | р 
RIA | 
IOK | 
- ». UA Б, + 
INPUT RETURN 2 RIS 
ВЭ [OFFSET | 
osat 014 i 
-O5 2 ТІР зу А 
RI2 
ж | 22% IOK га | 
04 | Хм | 
| [N4742 L " 
OROEN — 15V No ПИ To vw 
— 48V 
CI5 
v 68и [+ 
5.12 63V = 
z -15V 1/2W —15 
es NOTE 
c2 ALL RESISTORS АВЕ 1/4W.,+ 5%, UNLESS OTHERWISE SPECIFIED, 
Ба! |+ ALL DIODES ARE IN3064 UNLESS OTHERWISE SPECIFIED. 
63У = 2224 GA WIRE FROM HEATSINK TO BOARD ! 
REV: A;ESC;D;E; 
GRD | COMPUTER 


2475 М. 2nd. АМЕ. 


IMAGE DENVER, COLORAOO 80223 
o 7 


_——————— 


КЕ CAMERA. YOKE DRIVER 


“Ж 7[5v 


Diones /,2,344 
АВЕ SFM-30 


сме Кок | ок R6 г) E. 
ES 3 ( /00-n- WW 
| 

RY 

681 1% В? 2 10 | 
а W Zw 

R3 NA 143069 [143069 | 
620. | 
с? са CF 07 |25 |b6 | 

0.1 

347 447, v 
Isis 5: 111 | 
| 


— — — ——— — — — — — ---- ——— 
i о о —— ---- ----- ----- — А ------ 


3 INDICATES ETCH MODIFICATION ОМ SM/2/B BoARD 


UTE CAMERA HIGH VOLTAGE 
Power Suppry 


*200v 


mm — 


R74 ў 
e JI6-6 
D8 C (16-6) 
£x IN3064 қ Де Солиглооу 
416-5 рә R22 
(16-5) 144735 IK Q7 
A 245003 SN 
D7 
ІМ5064 
as 
2N5003 
Ql g AN 
23568 203568 
825 А) 
436V IOON E ћ 
R22 VN ‚^\/ 
са R30 
4 
оз ім4740 R26 Rag |0002 A 
We c mE 1600 вол L 
hane ar сасыса сайын EN UP MN ibo tee 2-5; ы = | 245008 Д. 
она Жын | | Г 
Cor м+м 8275 | | = 
TOP! | inzoeasres> | PEN | 
| УК © DIO 
| | а | E қыны IN3064 
| [ E RETURN RIG K 
E R24 10-400 
z 26K | 
| +15\/ О 
О 
TPS 
| BH o © | 
Е.В. 2K lvo DII 
l4 IN3064 
(413) 
BNC 
= c 
X 1% 
D RIS 
I 20K 
> Bb. 022 
sew S RHOD. нар 2N5002 
IOK 5K ЮК 
OFFSET 
R3 
2K 
/2м -15У 
DI LS 
R IN965 à 
51а | 8 = Ff М 
26-2 56у 2236 1/20 ¥ 
v 4 -36V 
| c2 


ENCLOSED CIRCUITRY ON PC. BOARD SM-122D 


SSS illl Ml eS SS ee GSD Se gE ë ee 


HEAT SINK | МОТЕ: ШИ COMPUTER 2475 W. 2ND. AVE, i= 
АЗТАОРИНЕ 2404-4 RESISTORS ARE 1/4W., UNLESS OTHERWISE SPECIFIED. (MAGE сона. сви wid 
живља _ i 


TWO COMPLETE CIRCUITS REQUIRED FOR ONE X ANDY DEFLECTION UNIT 


PIN NUMBERS IN PARENTHESIS ARE FOR MON Y CHANNEL. ^R. ! PER WCA MARKED PRINT 
OTHER PIN NUMBERS ARE FOR MON X CHANNEL | gu 


——ÓMÀ—— ——— 


MONITOR X OR Y DEFLECTION AMPLIFIER 
SCHEMATIC 


бе Ee 
555% Ж 
so MT NÉE 


LE 


5 
| 
d 


Tue SOCKET : CINCH BVT 


QI 
R8 
- +36y 2.4K MPS-UO6 
m. H 
| NC ALIGN #1 
5K 5 
CIO ALIGN + | 
Ol ppt 
T A RIO Fu 
2.4K = 
—15V 
Q5 
MPS-U56 HIV ag RIA 
св (HEAT SINK) 
47р? 
БІЗ 
bs NOUS 
R27 
2.7 RI2 ALIGN #2 
I/2W 5К 6 
5 ALIGN #2 | 
R26 | 
Ol pf сп |+ в _с12 2.4К = 
в22 47 1004 f i eS 
dd -1І5у TO CAM FOCUS COIL 
R23 19 
RIS 2.2K : В 
Ж ) об 24K Q7 
INTENSITY Ris" 888 2N4888 ash 
<" “д р) 5k 
o ZY $ BIAS R29 
RI7 160 
12K Nas 7 
т 3.6K = 
а! 
R20 R21 A 
100K 240K (+480У) 
64 
T 
— 100V 
с 
R4 (+ 410V) 
IM 63 
оу 
с14 
REN: 
“T’.01/100v EN 
ay = COMPUTER IMAGE CORPORATION 
к< DUE dins ind 2475W. 2nd AVE 
“Г.01 ооу . DENVER , СО. 80223 


R6 


8u . 
H + +36V mE [E Roe 
pc UT то | 
с16 
IOK | 
Ld | Tw [99У TARGET 


TP2 = 


OVERLAP CAMERA CONTROL _|19 


5 М-152 


SH | OF 1 


SS SST 


——— =e өсе 


nq t m пи 
шысы чын ысытатын тажы а ЕЦ Ee eee Т —————___—_—_——---—— 


KI 
RPU X X 16.9K 1 Fo ДАГ па пали и ны | 
| Ж 8872 1% 
l • o 
RPU Y KEAR 17 


* 8872 |% 


* 752 1% 


X OUT 
Y OUT 
Z OUT 

VECTOR B-Y | (о) U 
(xX) 


VECTOR R-Y 
(Y) 


Ж RESSTORS ARE Yaw 


45V KI,K&,K5 ARE AROMAT © МЕ4-5У 
BNC'S ARE AMPHENOL 51-10 
REV: 
CND COMPUTER IMAGE- 


ay DATE 


ТЕ ӘЗ Вр. 


ИЕЛЕ. ЕОР SD nd 

| ES) | TUE; 
WHEN ылы Se о 0 у 

БЕЗ ар ан ни AS BE ш 


ITLE NO 
2 = | 
Xa EL SWITCHING opem 


PWR SWITCHING UNIT zm AC-9 ^: MVP CONTROL PANEL 1 


| | PN. TOP 
| | 
ТВ -1 FI _ SYSTEM SECURITY _ ^ 0 
ІТ-- Ju SWITCH 3 1 
| | BLK 
| | МУ 57115 
| | SECT ZB, WIRING VIEW 
| | D2 R2 
V2W 
| | ІМ4002 330 V2W, 
12 | BLK 
| | | 
115 қ | DI RI 
| | 
МАС | | 144002 120 V2W 
| 13 | МАТ T 21. BEK/GRCZ- OBEN T р и a ee ea A cee: | a eel oe таға ауа жа он | 
| | X 
Uie | | A: 
| ~ 
INPUT | | | MV 571735 
| | 
| [ 
| | 
GND | RN 
Du 
eia | 
GO2-4 
P2-4 
Рик, 275 
s 5 4 <ЕСТ 
SECTION и SECTION 2 1A 
т» 
| OFF ^ Ala 
STAND-BY 
Е Е ed 
cS У 
REV: A,B,G.1; 
STAND-BY MAIN 


COMPUTER IMAGE CORP 
2475W Zwp AVE.,DENVER,CO 80223 


САТЕ 1/4/81 ЕСМ #46 DELETE КЉ & 24 11/29/02. 


"ты POWER LINE SWITCHING UNIT 


ко 
MAIN POWER INPUT | SYSTEM М. МСІС-І02-1 
E. MVP CONTROL (115V) 


CONTROL PANEL 2 CP2 


CONTROL PANEL 2 
CONTROL PANEL 4 СР1 24 224 
R4 
GND А 
SELECT 152 p 
A | 4 
LEVELS 
PNL TOP 
5! 
MV57113 ЖЕ 
а 5 є АЉ А 
WIRING VIEW 
SELECT 
E А? : 
LEVELS 
52 | 
ІЙ 
2 
= Al а 
L. 1 
к 19 
| | | 10 
ү | LEVELS " | 
| | DISPLAY 
ЖЕК qa | 
а СЧ SP 1 
| "E · б DISP МОРМ 
1 о 


RB 
25 — 
Ba M 
GND Же | 


NORM 
2 1 TEST 25 BZ те 
co TEST 
Ui 7415240 = Ri-RS 421-SL-10K 
U2 761-3-180R CTS NI са DUNCAN 
CRX MV57173 2 ERAN INV A 
INN 
+ E 
№ 
2 1 SPARE 29 
t. РЕМ: A, 
Y E 
COMPUTER IMAGE CORP 
+5V ай 


CONTROL PANEL 1 & 2 
MONITOR VIDEO PROCESSOR 


WCIC-103 


] 2 
2 
IK 5 LEVEL 1-7 
3 
1 
1 қ 5 
IK € LEVEL 2-3 
5 
4 
| а 
2 
ІК © LEVEL 3-4 
3 
7 
14 
12 LEVEL 4-5 
10 
15 
44 
ot aig see ыы ады жылы. 15 
XX © fe) 
ACTINE 
LEVELS 560651 
R5 
16 LUM MIX 
IOK 
17 ANALOG GND 
^ Z1 * ^V ANALOG 
RG 3 
25K 22 SCANBAR ADJ 


NON- INVERT INVERT 
Q 


3 1 16 KEY INVERT 


25 VARI 


23 IN LOCK 


 SCANBAR ADJUST 24 DIGITAL GND 


Z6 +5V DIG 


LOR CONTROLLER 


SWITCHER 
KEY ENABLE 
BKG MIX 
X HATCH MIX 
KEY GAIN ЮК О В 1 KEY GAIN 
=", 
ә 
KEY 
ADJ KEY ADJUST 
X-Y SCOPE SWITCHING 
VECTOR 
3 
y x-v 
Z| SCOPE 
SWITCHING 


NC >I 


f EV:A; 
COMPUTER IMAGE CORP 


VIDEO SWITCHER/ COLORIZER 
CONTROL PANEL 
МСС -104 


NOTE: 


1. “A PS - HR RATE 
2."w$"PS- TV RATE 


5. AC WIRING 1S TWISTED 
4, AC DESIGNATIONS: 


L- ЦУЕ F-FUSED N-NEUTRAL 
E -EARTH(CHASSIS) 


MI 
PM-350 


V RANGE 


PSI (АЛ 
CPS 500-5 


+ SV 


(=) (4) 
TP? TPI 


PS3 (АЛ 
SLS 90D-12/15 


PS 4 (8) 
SPS 80T- 
5/12/15 


C —15 +16 +8 


1991-9R 1991-6R 


! 4 7 
2 5 8 
3 69 
J3 J4 
PS1 
P92 
PS3 
P34 
PSS 
J3-1 GRD LT GRN 
CHASSIS GND CO 
AT КІ RELAY SOCKET J4-1 GRD LT GRN 
TWISTED CW 
J4-2 -5УВ BLU/WMT 
J4-5 --5МВ BLU 
74-6 +15VB RED 
—————— 44-3 — I5VB RED/ WHT 
і 44-4 Ё5УВ,+15УВ,ЙЕТ BLK 
Є" TWISTED СИ 43-6 +15VA RED 
— 43-4 и, КЕТ BLK 
J3-3 —ISVA RED/WHT 
— /! +5\А BW 
= J2 +5VA, RET BL 
- ЖЕНЕ сом 73-5 42V DK GEN 
[| 
J3-2 — 5VA BLU/WHT 
r- TWISTED CCW 
J3-8 +5VA SENSE GRY 


—— 43-9 +5VA,RET SENSE BLK 


COMPUTER IMAGE CORPORATION 
2475W. 2nd AVE 
DENVER, CO. 80223 


REV: 


TITLE NO 
MAIN POWER SUPPLY 
110 VAC WCIC-105- | 


г СОМ 
РА | | 
Eus | | 
г CCW 
ACNOTES: VIO 2 
1. Рі: LINE HI - L- BLK | 
dd | BLY 9 


IN J2 CABLE - TWIST CCW 


. INDIVIDUAL CHASSIS GND WIRING 
- КЕТОКМЕ 10 REAR PANEL 


ИМЕ NEU- N- WHT 
LINE GND - E - GEN (EARTH) | 
2. ALL AC TWISTED CW - EXCEPT 

CHASSIS COMMON 


- 485 КЕТ 


—АЁ V 


REAR PNL. 
O CHASSIS COM 


+ 48м 


+24V 


+ 24 RET 


жм UNREG 
+!IBRET 

— ВУ UNREG 
-9Y UNREG 
-9/+12 RET 


+IZV UNREG 


ORIG G/)/84 EVC 


DC NOTES; 

1. -46NP5 WIRING TWISTED CW FOR MAGNETIC 
FIELD CANCELLATION 

2. ALL OTHER DC WIRING TWISTED СОМ 


1991-68 


19914122 
EXTERNAL REAR PNL VIEW 


REV: 
CONPUTER IMAGE COR? 
SCAN CONVERTER PWR SU? PLY 
Оми GO HZ 

S 1 STE А lY 


T46N 2! 
+48RET 24 
-4BRET 97 
-40N DO 
-18Y >а 
-9V 21? 
-9,«2 RET? 0 
tlBRET 52 
+24 RET 59 
+24V »2 
+1270 ЪЗ 
+ву 25 
230 


4 
2 
= 
c 
6 


45N 
О 
| 
| 322 
САМ POS IND 
KI nil KS гап KS r7 
ЖЕНЕ НЕМЕРЕ ҰН ЭШЕ 
u2 мч], [мл] дам, um мм ПЕНЕН 
bru Барр xul сюн и || 
9,15 FORE ЕР С А ___|_|| | 
312. m NNO 
; ЧОКЕ COMP YORE. COMP дн CORR 
© Y YOKE DRIVE. Ж YOKE DRINE \ pg 2 
Seine A мите. UE e CIC-W-24 С/5-128: С/5-17ЛА 
SM-152 — 
«9 Ко - пеп max ments) геп 1%. КУ TKS КУ -ISV 
LIO ею Or deo -- НЕ ТЕСЕ Ме о ИІП” E 
имама [ww [ муља. [ [MARGE ИН СУТКИ НН СТУ НН СЕО mur A, 
ама dew dew м “Ман hieu __| ем ем 
ss (ise [lies He [ise [isis (ise [e МН 
un ма! umi и un ыш ыл |? 7] 
ја Ја 27 SG J5 34 J3 22 JI 
VID MULT VID AMP 7 СЕҮІМ ӘЛЕ MONLVLDET MVPLGC#Z MVPLGCHI GRYLVLMUX МО АМР BX) VID SW 
С\С-48 СУ5-12С CNS-lWB СУ5-125- CICW-15 CIC-W-14 CVS -4C-2 СІС-7-4 


C1C-)- | 


m 
j 


ОКУ 
427 228 
326 


123 Ј 25 225 
iKV CRT SKT 24N RELAY 20KN 
POO! CIC 41 МЕТСР5ОХ-2 P720 


2 
еј eau 
POWER WIRING - 19 
ЕСТЕН ЕСЕН — 


LINEAR TYPES 11080 THRU TLO85, Т1080А THRU T 
INTEGRATED TLO81B, TLO82B, TLO84B 
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979 


24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 


e Low Power Consumption e High Input Impedance... JFET-Input 
e Wide Common-Mode and Differential Stage 
Voltage Ranges e Internal Frequency Compensation (Except 
TLO80, TLO80A) 


e Low Input Bias and Offset Currents 
€ Latch-Up-Free Operation 


e Output Short-Circuit Protection 
è High Slew Rate... 13 V/us Typ 


description 
The TLOB1 JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, 
-high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low 
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external 
compensation options are available within the TLO81 Family. 


Device types with an “М” suffix are characterized for operation over the full military temperature range of —55^C to 
125°C, those with an 71" suffix are characterized for operation from —25'C to 85°C, and those with a “С” suffix are 


characterized for operation from 0°C to 70°C. 
ТІ.080, ТІ.080А TLO081, TLO81A, Т1.081В TLO082, TLO82A, ТІ.0828 Ге 


JG OR P DUAL-IN-LINE JG ORP DUAL-IN-LINE JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 


OFFSET \ OFFSET мом. 
Qut NULL s 
COMP Усс, PUT 1м21 . our T INPUT 


OFFSET INV NON Усс | offstr INV NON Усс OUT INV NON VWCC- 
NULL; INPUT INV NULL INPUT INV қ PUT INPUT INV 
input ми INPUT INPUT 


қ TLOB4, ТЕОВАА, ТІ.084В 
TLO83, TL083À JOR N DUAL-IN-LINE TLO85 
JOR N DUAL-IN-LINE OR W FLAT PACKAGE N DUAL-IN-LINE 
PACKAGE (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) 


VERT. NONIN- NONIN- INVERT- INVENT. NONIN- NONIN- INVERT. 
ING VERTING OUT- 
INPUT 


Q 


rier iar iss 197 


INVENT. NONIN- OFFSET Ұсс- OFF RET МОРИЊ INVERT- 
ма VERTIMG NULL NULL VERTW ING 
w та PUT INPUT 


PINS $ AND 13 ARE INTERNALLY INTERCONNECTED 


МС--Мо internal connection 


Copyright © 1979 by Texas instruments incorporated 
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TYPES TLO80 THRU TLO85, Т1080А THRU TL , 
TL081B, TLO82B, TLOBAB 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, МСС+ = £15 V 


TL08. M 


PARAMETER TEST CONDITIONST 


TLOS. C 
TLOS. AC 
TLOB. I Los_ TS 
TLOB. BC 
MIN ТУР MAX| MIN ТУР MAX MIN ТУР MAX 
|25 16) 


'81,'82,'83,'85 


eg 


TLO8.A 
'81B,'82B,'84B 
“80,81,82,83,85 


Input offset voltage mV 


Vio 


Rg = 50 9, 
IT A = full range 


| 


TLOB. A 
818,828 "848 


Temperature coefficient 
of input offset voltage 


avio Rg ~ 50 7, TA = full range нУРС 


ч 
> 
L| 
№ 
a 
o 
о 


TLOB_A 


'818,'82B,'848 
по Input offset current Ë 


TLO8. A 
'818,'828,'848 
тов. 


4 
r 
e 
о 


7 full range nA 


TA = 25°C 


„828,/848 


TLO8_ 
Ta = full range | TLO8_A 
,828,848 


lig Input bias current 


2 


75 

30 400 
7 
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о МЕЗ 
S 
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у = 47 
TLOB | =10 +17 ___| 
£11 +12 


24 27 


Common-mode input 
voltage range 


4 
г 
à 
» 


VicR ТА = 25°C 


„828,848 


4 
= 
8 
| 


Maximum peak-to-peak |А = 29:6 


output voltage swing ТА = full range 


Ry > 10 ко M 


Ry >2к0 


МОРР 


TLOB A 
,'82B,'848 

TLO8_A 

'81B,'82B,'848 


Large-signal differential 
voltage amplification 


AvD [mV 


= БЕР] ГЕЛ A 
E: г = 
go 8 о 


Мо = +10 V, 
A = full range 


ЕТ TLO8_ + 
CMRR а а rejection]Rs > 10 КО, 


TLOB_A 
'818,'828,'84B 

Г Supply current 
cc {per amplifier) TA 


Уо1/Уо2 Channel separation Avo = 100, | ___120 | 


f ди characteristics are specified under open-loop conditions uniess otherwise noted. Fuil range for TA is —55°С to 125°C for TLOB. M; 
—25?C to 85°C for Т108. 1; and 0°C to 70°C for TLO8_C, TLOB. AC, and TLOB. BC. 

$ Types TLOBS5I and ТІ.085М are not defined by this data sheet. 

8 Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in 
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ТА = 25°С 


Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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MONOLITHIC VIDEO 
D/A CONVERTERS 


8, 9, 10 BIT, 20 MSPS 


PRELIMINARY INFORMATION 


TDCIOI6J-10 


The TRW TDC1016J-8/9/10 bit D/A converters 
are capable of converting a digita! signal into an ana- 
log voltage at the rate of 20 megasamples per second 
(MSPS). No externa! input register, deglitching, or 
resampling is needed. No operational amplifier or 
buffer is required at the analog output. 


All parts have 10 bits of active digital input. 
Three accuracy grades are offered: 8, 9, 10 bits. 
Simply grounding the Vcc terminal causes the inputs 
to become ECL compatible. 


CL J31U12AAhimn WIA manm АТЛТУУУЫЛАТТАТ ааз о à 


The TDC1016J is patented (U.S. Patent No. 
3283170) with other patents pending. 


FEATURES 


8, 9, and 10 bit accuracy 
20 MSPS 
Voltage output 


DISABLE* 


ECL or TTL inputs (only -5.0V supply required 


е for ECL mode) 


M SASW 02 '118 01 '6 '8 


e Single ended or differential ECL inputs 

e All data registered on chip 

e No deglitching circuit required 

e Output disable capability 

e Differential phase: 0.59 

e Differential gain: 1.0% REGISTERS S 
e Binary or two's complement input 

e Zero and full scale control for easy calibration 

e Data inversion control 
e Monolithic, bipolar 

e 40 ріп ceramic DIP - 

e 0.6 W power dissipation 


APPLICATIONS 
e Video data conversion 
NETWORK 
3X or 4X NTSC color 
3X or 4X PAL color 


e Color/B&W graphics ANALOG VOLTAGE 
e CRT displays т 


" а жал С. | 
= e Waveform/test signal generation JI `- 20 BS GF Jj 


e / 


*Differential ECL mode only 


ТІ РИЛ/рвористе 


2525 E. EL SEGUNDO BLVD., EL SEGUNDO, CA 90245 
© TRW Inc. 1979 (213) 535-1831 1124-11/79 


LSI D/A CONVERTERS 


Figure 3. Digital Input Equivalent Circuit, TTL Mode Figure 4. Digital Input Equivalent Circuit, ECL Mode 


Performance characteristics, over recommended operating temperature range 


PARAMETER [o CONDITIONS 


5 

ЖН БЕНЕН ШІ 
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*752 requires outside trim 
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151 D/A CONVERTERS 


SPECIFICATIONS 

Absolute maximum ratings (beyond which the useful life may be impaired) 
б Supply.VOltage EM СС. и Roe алел nd ча рева ee  __ = = aea ызы. Е је ane -0.5 to *7.0 V 
МЕР eru са сыбыс ueri DUM tUm. э э эр ела oop cerei ches сей. uM os oa ТЕКЕ 40.5 to -7.0 V 
Inputyoltagekdinitale. лы 222255525052 ж E бан sa Me eue posue Buses eds mise oes inam Ба БА US -7.0 to *7.0 V 
Еј ге“ QFOUNG „нь ооо ———— Tr -1.0 to *1.0 V 
КЕ ГЕҒеПСе ое а ое оаа те ала нуну CIIM UE IONS ....-7.0то +7.0 V 
Очрашу SD т! 22 E ROO CO ET EI LT аа: АТСА ЛЕ Shaper З АНАМА Greer данае ааа ра, жүрты еа Ж сет -2.0 to +2 0 V 
Temperature Operating, ambient. s ios s seis Heus RENS ғанға жараса cds Rom uev eu delis ete ese Sc Avis ese m dO S ар -55 to +150°C 
JUNCTION ee wes eie Seeders musei e amer WE Gutes је ао vis келіден diem роуа m SOUS %1759С 
lead: soldering (10:seconds).« еме зет ЗЫ e ca vcr sue e ее зар Ы» Ы WARTS АЗ %3009С 
TO AGE a a ПИ И ки ИМЕЛ ы ЛИК МЕГЕ -65 to +150°C 


Recommended operating conditions 


PARAMETER 


Усс. Supply voltage 
МЕЕ, Supply voltage 
VREF. Reference voltage 


Труу1. TPWO. pulsewidth (see Figure 1) 


TS, Input register setup time 
TH, Input register hold time 
TA, Operating ambient temperature range 


Compensation capacitor 
(between COMP and МЕЕ) 


PARAMETER 


n Power Supply 
Icc Supply current Vcc = MAX, VEg = MAX 


ЈЕЕ Supply current Усс = MAX, Veg = МАХ 
Analog 
IREF Reference input МЕЕ = MAX, Vperf = -1.0 V қ 
current 
Vors Full scale analog Vee = NOM, Vngr = -1.0 V, Ар > 10K 2 d -1.030 | -0.970 
Output voltage 
Vozs Zero scale analog | Vege = МОМ, УДЕЕ = -1.0 У, R, > 10K 
Output voltage 
Digital 
Мн High level input 
voltage 
VIL Low level input 
voltage 
NH High level input Усс = MAX, Veg = МАХ, \ = 
current Усс = 0 У, Veg = MAX, Vy = 
UTR Low level input Усс = МАХ, Veg = МАХ, М) = 
current Усс<0У, МЕЕ = MAX. Vi 2-185 М 


“Vcc. МЕЕ. ТА = ТУР 
Switching characteristics over recommended operating temperature and supply ranges 


TTL/ECL 
TEST CONDITIONS 


PARAMETER 


Fc Maximum conversion rate 
TDOFF Ladder turnoff delay Вы = 750 
тром Ladder turnon delay Вы = 762 


Tos Data turnon delay, Figure 1 RL = 750 
Т5ЕТВ Transient settling time, Figure 1, 0.20% Ві = 752 
75ЕТ9 0.10% 
TSET10 0.05% 
Output transient (glitch), energy В. = 752, midscale 
amplitude 
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LSI D/A CONVERTERS 


PACKAGE INFORMATION 
TDC1016J-8/9/10 


(РІМ 1 


Ж IDENTIFIER 
END VIEW | 
1 " Т| 0.090 
[ | i 
—+||-— 0.011 + 0.001 
ето 


SIDE VIEW 


d 
$3 
о 
a * 


AN 


0.125 MIN 


| 
(© TRW Inc. 1979 E THERMAL RESISTANCE DATA 
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| 
| 
| 
| 
| 
| 
І 
| 
|| 
| 
| 
| 
| 
| 
| TOP VIEW 


NOTES: DIMENSIONS IN INCHES. Junction to case Ө jo = 25° C/W 


UNUSED PINS CAN BE LEFT OPEN. Case to ambient СА (Still air) = 25° C/W 
Case to ambient бсд (5 ft/sec airflow) ~ 15? C/W 


INPUT CODING 


Force high 


Force low 


1111111111 
0000000000 


0111111111 0.0V Two's complement 
1000000000 | -1.0V 

0111111111 :1.0У Two's complement inverted 
1000000000 0.0V 


TRW reserves the right to change products and specifications without notice. This 
information does not convey any license under patent rights of TRW Inc. or others. 
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National . . 
Semiconductor 
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General Description 


These are dual polarity tracking regulators design- 
ed to provide balanced positive and negative out- 
put voltages at current up to 100 mA, the devices 
are set for +15 V, +12 V and +5, -12 V outputs 
respectively. Input voltages up to 30 V can be used 
and there is provision for adjustable current limit- 
ing. These devices are available in three package 
types to accommodate various power requirements 
and temperature ranges. 


Schematic and Connection Diagrams 


Voltage Regulators 


ыы. a; E 


a 
S 


LM125/LM325/LM325A, LM126/LM326 Voltage Regulators 


ao eta ~ 


Features ` 


в +15V and +12V tracking outputs 

€ Output currents to 100 mA d 

в «Output voltages balanced to within 1% (LM125, 
LM126, LM325A) : 
Line and load regulation of 0.0696 
Internal thermal overload protection _ 
Standby current drain of 3 mA 
Externally adjustable current limit 
Internal current limit 


Dual-In-Line Package 


sor уне 


Order Number LM325AN, LM325N, 
or LM326N 
See NS Package N14A 


Metal Can Package 


*сшямвт шєт (+) ©, OLLLL 


Order Number LM125H, 
LM325H, LM126H or 
LM326H 
See NS Package H10C 


'VSCEW'l/SCE 


Absolute Maximum Ratings Operating Conditions 


Operating Temperature Range 


input Voltage 


Forced МО“ (min) (Note 1) ‚ ~0.5V ^ LM125 -55°C to +126°С 
‚Forced Ус)” (max) (Note 1) ; 2055-5522 1М325, LM325A 0°C to +70°С: 
Power Dissipation (Note 2) PMAX Storage Temperature Range ` 65°С to +150°C 


Output Short-Circuit Duration (Note 3) indefinite — ‘Lead Temperature (Soldering, 10 seconds} 300°C 


4 қ n РЕР! | Aoc уза 
А А 


ray 


аі miu; ZEE ^. » — +f 


PARAMETER 


LM125/LM325/LM325A, 


LM126/LM326: 


Output Voltage 
LM125, LM325A 
LM325 


input-Output Differential . 


Line Regulation N = 18V to 30У, 1, = 20 mA, 


т, = 25°C 
м = 18V to 30V, 1, = 20 тА 


Line Regulation Over Temperature 
"Range 


Load Regulation 
Vot 
Vo- 


IL = 010 50 mA, Vin, = +30. 
т;= 2Б°С 


Load Regulation Over Temperature 
Range 


. = 0to 50 мА, Vin = 230У 


Output Voltage Balance 
LM125/LM325A 
LM325 


Output Voltage Over Temperature 
Range 

LM125/LM325A 

LM325 


Temperature Stability of Vo 


P< Рмдх, 0< lg € 50 mA, 
18V < Мн! < 30 


т, = 25°С ` 
т; = 25°С, BW = 100 - 10 kHz 
Т; = 25°С | 
T,=25°C 


Short Circuit Current Limit 


, 


Output Noise Voltage 
ә 


Positive Standby Current 


Negative Standby Current 


Long Term Stability 


Thermat Resistance Junction to 
Case (Note 4) 
LM125H, (М325Н 


Junction to Ambient 
LM325AN, LM325N 


Note 1: That voltage to which the output may be forced without damage to the device. 5 

Note 2: Unless otherwise specified, these specifications apply for ue —55°С to +150°C on LM125, те О°С to +125°С 
оп LM325 and LM325A, Vin = :20V, || = 0 mA, Imax = 100 mA, PMAX = 2.0W for the TO-5 Н package. IMAX = 
100 mA, Pmax = 1.0W for the DIP М package. à 

Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. ыы 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a hest 


sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency 
of the sink. 2 


MOORD LZA "T as 
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GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

- . . designed for use as а general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN475 and AN491 for design details. 

€ Large Bandwidth; 75 MHz typical 

€ Channel-Select Time of 20 ns typical 


* Differential Inputs and Differential Output 


GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


OCTOBER 1971 — DS 9125 R1 


.TYPICAL APPLICATIONS 


VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH АСТ 


MULTIPLEX.OR FSK ANALOG SWITCH 


VEE 
Vcc VEE Vcc 
Veto өМЕЕ se bie 83) |7(8) 
8(9) |718) L4 А 
Channel 1 
Input 101) 
1001) Jon - igi а 
ES >: > ~ КЖ. 
Ht < 
Channel 2 50) en 
67) рит 


б——= Gate ог AGC inpet 


AMPLITUDE MODULATOR 


Y2) 
ни Audio Input 


“ 
Modulation Adjust. Бок = 


F SUFFIX 
ERAMIC PACKAGE 
CASE 607 

TO-86 


G SUFFIX 
METAL PACKAGE 
CASE 602A 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Number in parenthesis denotes pin for F and L packages, number 
at left in each case denotes corresponding pin for G pack age. 


АДЕЛ ВАТЕ TA LUC ones irte] і 
= —— "- — кенен 

i | Rating ' Symbol | Value Unit 
— m 4 
| Power Supply Voltage -| Усс | *12 Vdc 

| | _ | Vee | -12 Vdc 

| rer u^ | 


nput Signal 


| Differential | 


| 
Flat Package ! | 500 mw 
| 


| Derate above Тд = 425°C 3.3 mW/9Cc ! 
A 

| Ceramic Dual In-Line Package | 625 mw 

| Derate above TA = +250с | 5.0 mW/9c 

! | 

| Мета! Сап | 680 


Derate above Тд = +250С 


I t 


| Operating Temperature Range 


Ото +75 
-55 to *125 


(МСС = *5.0 Vac, МЕЕ = 5.0 Vdc, at TA = +250Ç, 


| ELECTRICAL CHARACTERISTICS Specifications гәріу to both input channels unless otherwis: 


{ 
| Bandwidth 


| Input Impedance 
| (f= 50 kHz) 


1 T p | | 7 1 
; | ; 
| ; | 
| Output Impedance i ; s | = d 25 - Ohms 
| d$ (f*50kHz) i } i | 
{nn 7 ; 
: f Output Voltage Swing | 4,13 Vop | 15 | 2.5 - | Мр-р | 
р Ц | 
| 


(RL = 1.0k ohm, f = 50 kHz) 


-- моем 
Input Bias Current 
(Ив = (11 +12)/2) 
|] 


| Input Offset Current 


! Input Offset Voltage 


| Quiescent Output dc Level 


j Output dc Level Change 
; | (Gate Voltage Change: 45.0 V to O V) 


Common-Mode Rejection Ratio 9, 18 CMRR - 85 dB 

(f = 50 kHz) i 

| Input Common-Mode Voltage Swing 9 | Мо | = Гаа = | |! 
! 8 Vde 


| Gate Characteristics VGoL 
Gate Voltage Low (See Note 1) MC1445 0.20 0.40 - 
МС1545 0.45 0.70 — 
Gate Voltage High (See Note 2) MC1445 VGOH — 1.3 3.0 
MC1545 | 2.2 | 
mem 1 
Gate Current Low MC1445 18 4.0 


(Gate Voltage = 0 V) 


Gate Current High 
(Gate Voltage = 45.0 У) 


Step Response MC1445 
(ет = 20 mv) MC1545 


MC1445 
MC1545 


MC1445 
MC1545 


MC1445 


MC1545 


deband Input Noise 
j (5.0 Hz - 10 MHz, Rs = 50 ohms) 


i DC Power Dissipation 


! 
t 


orm to ЈЕРЕС Engineering Bulletin No. 1 when applicable, 
нан ьа Д 2 


eee 


— —— —— — —À „5. —À 
, 


MC BE oor eB 


FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


*50V -5.0V 


То ac 


| 

| 

| 

| 350V -50V 
| Voltmeter 
| 


tin = 200 mVí(rms) ет = 50 mVírms) (~) 
f=50 kHz To ас 


| 1 E Voltmeter 


| FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT FIGURE 16 — INPUT BIAS CURRENT ANDINFUT 
| CFFSET CURRENT TEST CIRCUIT 


“== 


*50V -50V 


To ac 
Voltmeter s 46 819) |7 (8) 


10 (1) 


50 £in = 50 mV(rms) 
Ser 51 f= 50 kHz | 
| f В a 60) 
= = | 
| НО is the difference in current 
| reading whe- either 51 or 52 
is switched 
ih ee БИС 
%50У 
FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT FIGURE 18 — GATE CURRENT (HIGH AND (077), 
OUTPUT LEVEL TEST CIRCUIT COMMON-MODE REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 
350V -50У *50V -50V 


Q 


Adjust Ry until V1 
reads 0 Volts then 
read Ede. 


10 (1) 


6 (7 
ет = 1.0 V(rms) ud 


Voldc) = V2 (v2) f= 50 kHz 


Switch S} and readjust Ry for М} = D 


£ Vo(dc) = Change in V2 Reading 


*50V 


Мот ет т parenthesis denotes pin for F and L packages, number at left in each cese denotes corresponding pin for б package 
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HSUAE 19 76^ AGATION ЭЁ дү” 250 RISE AND 
| FALL TEES TEST CIRCUIT 


To "A" Channel 


of Scope : *50V -50у : 
4 ? (8) в 
| 4 (5) 
Scope - 
Tektronix 567 
Pulse 51 5 (6) 10 (1) ог equiv 
Gen. 
| tin = 20 ту 
j ц-ң<50ш i i 
6 (7) То "B" Channel 
of Scope 


1 (2) 


m 
o 


> 
o 


| Number in parenthesis denotes pin for F and L packages, 


number at left in each case denotes corresponding pin for G package. 


Pout, DIFFERENTIAL OUTPUT VOLTAGE (Vp-p) 


FIGURE 20— POWER DISSIPATION AND WIDEBAND 
INPUT FOISE TEST CIRCUIT 
-$.0V 


*50V 


True rms Voltmeter 
with Bandwidth of 
5.0 Hz to 10 MHz 


Vo 
VN(in) = АЕ 


Ореп Рр = 5 (1% + Г) 


FIGURE 21 — LIMITING CHARACTERISTIC 


! 
300 


tin. SINGLE-ENDED INPUT VOLTAGE (mVp-p) 


CASE OUTLINES 


F SUFFIX 
CERAMIC PACKAGE 
CASE 607 
TO-B6 


Weght = 0918 рат 


Pin 7 connected to case 


Circuit diagrams utilizin 
of illustrating typical 


necessarily given. 


G SUFFIX 
METAL PACKAGE L SUFFIX 
CASE 602A CERAMIC PACKAGE 
CASE 632 
TO-116 
ни] HA pm 


g Motorola products are included as a means 
semiconductor applications: 
complete information sufficient for 
The information has been carefully checked and 


АЛА 


ДАЛА 
N 


ІШЕ 
Tomum | 


Weight = 1954 grams 


Lead 1 identified by color dot or by elbow on lead. 


LI 
А1 ПЕС dimensions end notes apply 


АП JEDEC TO-116 dimensions and notes apply. 


© Tra tome ico в messed from the lead cra 
ви the тезі pions. 

© села mll be indarre өлме by mechanical 
jer port ox лош! in pin 1 as shown. 


consequently, 


Construction purposes is not COnvey to 


BOX 20912 е PHOENIX. ARIZONA 25036 • 


is believed to be entirely reliable. 
assurned for inaccuracies. 


license under the patent rights of Motorola Inc. or others. 


Weight = 0.218 Gram 


However, no responsibility is 
Furthermore, such information does not 
the purchaser of the semiconductor devices described any 


А SUBSIDIARY OF МОТОКОГА uc 


MOTOROLA Semiconductor Products Inc.——— 


FEATURES 

e High Slew Rate ............................ W7Vips 
e Fast Settling to +0.1%...................... 900ns 
e Low Input Offset Voltage ........... 500,V Maximum 
e Low Input Offset Voltage Drift .....-......-- 2.0,VI*C 
e 156 Speed with 155 Dissipation ....... (ВОММ Typical) 
e Wide Bandwidth ........................... 6MHz 
e Minimum Slew Rate Guaranteed on АП Models 

e Temperature Compensated Input Bias Currents* 

e Guaranteed Input Bias Current 


@1255С ass. cose emet тв ава Swain 9nA Maximum 


e Bias Current Specified WARMED UP Over Temperature 

e Internal Compensation 

e Low Input Noise Current .............-.. 0.01рА./Н2 
e High Common Mode Rejection Ratio .......... 100dB 
е 


Models With MIL-STD-883 Class B 
Processing Available From Stock 


GENERAL DESCRIPTION 


The OP-15 provides an excellent combination of high-speed 
and low input offset voltage. In addition, the OP-15 offers 
the speed of the 156A op amp with 155A dissipation. To further 
enhance the excellent input parameters, the OP-15 uses 
bias current compensation to maintain low input bias current 
at elevated temperatures. 


SIMPLIFIED SCHEMATIC DIAGRAM 


*NOTE: R7, R8 ARE ELECTRONICALLY ADJUSTED ON CHIP FOR MINIMUM 
OFFSET VOLTAGE 
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ОР 
PRECISION JFET | 


. OPERATIONAL AMPLIFIER 


LOW SUPPLY CURRENT 


The OP-15 was designed to provide real precision performance 
along with its high speed. For example, the 500,.V offset 
voltage yields less than 1/2 LSB error in a 12-bit, 5V DAC. 
Although the OP-15 can be nulled, the design objective was 
to provide low offset voltage and drift WITHOUT NULLING. 
Systems become MORE COST EFFECTIVE as the number of 
error correcting “knobs” decrease. PMI achieves this perfor- 
mance by use of an improved BIFET process coupled with 
on-chip zener-zap offset trimming. 


Most high-speed monolithic op amps give settling time 
specifications to 0.01 % error band, and so does PMI. Since 
0.01% of 10V is 1mV, it is surprising that these same ор 
amps have offset voltage errors in the 0.02% to 0.3% range. 
A large number of applications are in the 0.05% to 0.1% 
range, and PMI also gives specs for these error bands in its 
settling times. The fact that 5004V is only 0.005% of 10V is 
why PMI specifies settling time to a true 0.01% error band. 


The combination of low input offset voltage of 500, V Max- 
imum, slew rate of 17V/us, and settling time of 900ns — to 
01% — makes the OP-15 a true precision, high-speed op 
amp. The additional features of low supply current coupled 
with an input bias current of 9nA at 125*C ambient (not junc- 
tion) temperature makes the OP-15 useful in a wide range of 
applications. 

Applications include high-speed amplifiers for current out- 
put DACs, active filters, sample-and-hold buffers, and 
photocel amplifiers. For additional precision JFET op amps, 
see the OP-16, OP-17, and OP-215 (dual OP-15) data sheets. 


PIN CONNECTIONS & ORDERING INFORMATION 


OP15BJ/BB3 
OP15CJ/883 


* Current revision in effect 
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эл1 yw ORDER: OP-15AJ 
OP-15BJ 
на «ол ОР-15С.) 
OP-15EJ 
T— 5 BAL OP-15FJ 
vec T oy OP-15GJ 
TO-99 (J-Suffix) 
Military Temperature Range Devices 
With MIL-STD-883* Class B Processing 
ORDER: OP15AJ/883 
4 
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OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
ОР-15А, ОР-15В, OP-15E, ОР-15Ғ............. . 422V 


OP-15C, OP-15G ......... бақта ыла ТАЗИК 18У 
Internal Power Dissipation 
All Devices ..... nios cel aide. Site Етна неа SOOMW 


(The ТО-99 (J) package must be derated based on a 
thermal resistance of 150* C/W junction 1o ambient or 
45" СМ junction to case. 

Operating Temperature Range 


ОР-15А, OP-15B, OP-15C .......... —55*Cto +125 °С 

OP-15E, OP-15F, OP-15G .......... .... O*C to +70°C 
Maximum Junction Temperature (Ty) 

TO-99(J) ....... аан жж юле sitek ағатын %150%С 


Differentia! Input Voltage 
OP-15A, OP-15B, OP-15E, OP-15F .............. ж40У 
ОР:15С. ОР-156: . 2: |. 208. 5 АТ Sais 25 ут. 30М 
Input Voltage 
ОР-15А, OP-15B, OP-15E, ОР-15Ғ.............. +20V 
OP-15C, OP:15G е m m PE +16V 
(Uniess otherwise specified the absolute maximum 
negative input voltage is equa! to the negative power 
supply voltage.) 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range TO-99(J) . —65*C10 +150°C 
Lead Temperature Range (Soldering, 60 sec.).... +300°С 


ELECTRICAL CHARACTERISTICS at У; = «15V, Т, = 25°С, unless otherwise noted. 


OP-15A OP-15B OP-15C 
PARAMETER SYMBOL CONDITIONS MIN ТУР MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos Rg = 500 = 02 05 — 04 10 — 05 30 mv 
= 25 °С (Note 1) - 30 10 - 6.0 20 - 10.0 50 A 
Input Oltset Current ilgs Device Operating — 50 22 - 10.0 40 — 20 100 P 
" T, = 25*C (Note 1) - 15 50 - 30 100 - 60 200 А 
о. Device Operating = 8 10 — 4 20 — 80 400 5 
Input Resistance Riy — 1012 - — 102 - = 1012 - Q 
Large Signa! В, > 2к0 4 ES 7 20 = "m М/ту 
Voltage Gain ^vo Уот 210V 10) ee 8: 7 30-20 
Ovtput Voltage у В, = 10k =12 213 - %12 +13 - x12 213 - v 
Swing oM Я; =2к #11 2127 - #11 +127 - #11 2127 - 
Supply Current isy - 27 40 - 227. 40 - 28 50 тА 
Siew Rate SR Aver = жд w m = 75 3 - 50 5 — Vis 
(Note 3) 
Gain Bandwidth caw (Note 3) 40 60 — 45. 8% а= 30 $4 - MH2 
Product 
Closed Loop | — 14 == = 1 = - 1 - MHz 
Bandwidth CLBW Аус = «10 3 2 
10 0.01% - 22 - - 23 - - 2.4 - 
Settling Time ts to 0.05% (Note 2) - 151 - -- 3.1 - — 12 — „S 
to 0.10% - 0.9 - - 0.9 - - 1.0 - n 
Input Voltage IVR #105 — - 2105 — = 203 — - v 
Range 
Common Mode CMRR Ум = =10.5\ 86 100 - 86 100 - - - - ов 
Rejection Ratio Vom = x10.3V - - - - - - 82 96 - = 
210V 
а 1 - 1 - -- - = 
Power Supply i z18V 5 o0 © 00 
брада PSRR dB 
Rejection Ratio Vs = +10V 
= E = = = = 82 100 = 
to + 15У 
Input Noise Чо = 100Hz - 20 — - 20 - - 20 - МАН 
Voltage Density — 77 to 1000Hz a | хе = 49 ды = 45 = ЫЫ 
Input Noise fo = 100Hz — 001 — — 001 - — 001 ü 
Current Density — іе fo = 1000Hz = 00 — = 00 — e oa — РАДУЈЕ 
Input Capacitance Сы - 30 - - 30 - = 3.0 - pF 


NOTES: 

1. Due to limited production test times the bias currents correspond to 
junction temperatures. The bias current vs time (after power-on) curve 
Clarifies this point. Since mosi amplifiers (in use) аге on for more than 1 
second, РМ! also specifies the bias current for the warmed-up condi- 
tion. The warmed-up bias current value is correlated to the junction 
temperature value via the curves of Ipvs Ty and |p vs Tg. PM! has а bias 
Current compensation circuit which gives improved bias current over 


the standard JFET input op amps. tp and los are measured at Мом = 0. 
2. Settling time is defined here for a unity gain inverter connection using 
2К0 resistors. It is the time required for the error voltage (the vollage at 
the inverting input pin on the amplifier) to settle to within a specified 
percent of its final value from the time а 10V step input is applied to the 
inverter. See settling time test circuit. 
3. Parameter is not 100% tested. 90% of ali units meet these specifications. 
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OPERATIONAL AMPLIFIERS OP-15 [©] 


ОР.15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at V = «15V, -55*С x T, s +125"С, unless otherwise noted. 


OP-15A OP-15B 


PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN ТҮР MAX 


Input Offset Voltage Vos, Rs = 500 - 04 09 - 0.7 20 


Average Input 
Offset Voltage Dritt у (Note 3) 
Without Externat 
К 4 T 15 
Trim TCVos 


With Externa! 
Trim (Note 3) ТСУова Rp = 100к0 


- Ty = 125°C 

los ТА = 125°C 
Device Operating 

Ty = 125°C 

lp ТА = 125°C 
Device Operating 


Input Offset 
Current (Note 1) 


Input Bias Current 
(Note 1) 


input Voltage 
Range 


Common Mode 
Rejection Ratio 


Vom = = 10.4У 
Vom = = 10.257 


Vs = 210У 
Power Supply to +18У 


Rejection Ratio 


Мо = x10V 
to +15V 


Large Signal 
Voltage Gain 


Maximum Output 
Voltage Swing 


R 22k 
Vo= +10 


RL = 10к0 
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OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at У, = = 15У, T, = 25°С, unless otherwise noted. 


OP-15C OP-15E OP-15F | 
AX UNITS PARAMETER SYMBOL CONDITIONS MIN ТҮР MAX MIN ТҮР MAX MIN UNITS 
45 ту input Offset Voltage Vos Rs = 500 - 02 05 04 1.0 - 05 30 f 
T, 2 25*C (Note 1 = 30 10 — 60 20 = 12 50 
(Nols 3) Input Offset Current los Device Sr d — 50 22 = 100 40 = 2 10 
40 15 
| i T; =25°C (Note 1) = 35 5% = 3 100 = 60 200 
ae Se AC input Bias Current dg Device Operating — 18 110 = 40 20 — 80 400 
Input Resistance | Бим — 1912 - — 10% - - 10 - 
10 80 à 
Large Signal - А, = 2к0 1 - 7 = 50 200 n. 
15 7 nA Voltage Gain Avo Vo= #10\ 00 20 2“ 1220 
Output Voltage у R, = 10k x12 +13 - +12 213 — 212 +13 - 
18 т " Swing ом В, =2k 2n 2127 — #11 227 — 211 2:127 = 
А ЖЕЛЕ „с. om 
27 1% Supply Current isy = 27 40 — 27 40 — 28 50 mA 
pne v Slew Rate SR Pn тб TO ю п — 75 в = 50 15 - Vise 
ni = Gain Bandwidth Ен _ 28 м 
= ав Жирен GBW (Note 3) 40 60 35 57 30 54 Hz 
Closed Loop E _ A _ 1 _ _ _ 
= ph iiir d CLBW Аус = +1.0 14 3 12 MHz 
әз - dB 10 0.01% => 1990 = => 123). = — 24 = 
Settling Time ts to 0.05% (Note 2) - 1.1 — — 1.1 - - 12 - ы5 
to 0.10% - 09 — — 09 — = 40. = 
100 - Vimv Val 
Input Voltage vA 2105 — — 205 ~ 203 ~ = v 
Range 
Бавећи y с мод 7 105У 86 100 86 100 Ta 
ommon Mode см= +10. 1 - ES - - - 
Rejection Ratio CMRR Усм = =10.3У - - - - - - B2 96 = ев 
Vg = 10V 
- 1 -- - — - 
Power Supply PSRR to +18V s 200 © = dB 
Rejection Ratio Мо = +10V ld us E -- = 82 100 xd 
to %15У = 
. Input Noise fo = 100Hz - 20 = = 20 = = 20 = 
Voltage Density en fo = 1000Hz - 15 - - 15 - - 15 - пуна 
Input Noise А fo = 100H2 - 0.01 -- - 0.01 - - 0.01 - = 
Current Density — I^ fo = 1000Н2 = от — = ст = = oo - РАМЕ 
Input Capacitance См - 30 - - 30 - - 30 - pF 


NOTES: 


1. Dueto limited production test times the bias currents correspond to junc- 
tion temperatures. The bias current vs time (after power-on) curve clarifies 
this point. Since most amplifiers (in use) are on for more than 1 second, 
PMI also specilies the bias current for the warmed-up condition. The 
warmed-up bias current value is correlated to the junction temperature 
value via the curves of Igvs Ty and lg vs T4. РМ! has a bias current com- 
pensation circuit which gives improved bias current over the standard 


JFET input op amps. 1в and 105 are measured at Мом =0. 

2. Settling time is defined here for a unity gain inverter connection using 2к0 
resistors. М is the time required for the error voltage (the voltage at the im- 
verting input pin on the amplifier) to settle to within a specified percent of 
iis final value from the time a 10V step input is applied to the inverter See 
settling time test circuit. 

3 Parameter is not 100% tested. 90% of all units meet these specifications. 
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OPERATIONAL AMPLIFIERS OP-15 


ELECTRICAL CHARACTERISTICS at V; = +15V, 0°С sT, < +70°C, unless otherwise noted. 
eee" 


OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


OP-15E OP-15F OP-15G 
PARAMETER SYMBOL CONDITIONS MIN ТУР MAX MIN TYP MAX MIN TYP MAX UNITS. 
Input Offset Voltage Vos Rs = 500 — 03 075 — 055 15 — 07 38 ту. 
Average Input 
Offset Voltage Drift {Note 3} 
Without External, те, — 20 50 — 30 10 — 40 15 
Trim в ом "С 
With Externa! | 
L = ER me == T = E 4 = 
T TCVosn Вр-100к0 20 30 0 
Input Offset Е d D E - 0.04 0.30 -- 0.06 0.45 - 0.08 0.65 a 
Current (Note 1) os s na бою — 006 055 — 008 0.80 — 00 12 
ЇЇ 
Input Bias Current я Н ЖЕ - 0.10 0.40 - 0.12 0.60 - 0.14 0.80 E 
(Note 1) в AT . — 013 075 — 0146 11 = 09 15 
Device Operating 
Input Voltage IVR Rg = 500 #00. a = зол = = +1025 — - У 
Range 
Common Mode CMRR = Усм= t104V 85 98 - 85 98 - - - - ав 
Rejection Ratio Vom = +10.257 - - - - - - 80 94 = = 
Vg = 210V = — 
Power Supply PSRR to +20V 89 22 2 %9 dB 
Rejection Ratio Vg = <10У = 4: - _ _ ET 80 94 _ 
to x15V 
Large Signal Н, 22k A У 1 _ VimV 
Voltage Gain Avo Vo = +10 65: 200 ЗА 180 > = m 
Maximum Output ы В, 2 10kD 212 +13 - м2 өз — #12 a3 — v 


Voltage Swing 


TYPICAL PERFORMANCE CURVES 


BIAS CURRENT vs TIME 


IN FREE AIR 


INPUT BIAS CURRENT (mA) 


TA*25'C - 
igy * 4 0mA FOR MAX CURVES 
25mA FOR ТУР CURVES 


TIME AFTER POWER APPLIED-SECONDS 


INPUT BIAS CURRENT (nA) 


і 


INPUT BIAS CURRENT vs 
JUNCTION TEMPERATURE 
UNITS ARE NOT WARMED-UP 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE (UNITS 
ARE WARMED-UP IN FREE AIR) 


Д 


so по 
JUNCTION TEMPERATURE 


эю 150 w ж 50 70 90 по 


AMBIENT TEMPERATURE ГС) 
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WIDEBAND M NOLITHIC 
FOUR-QUADRANT MULTIPLIER 

- - . designed for uses where the output is a linear Product of two 

input voltages. Maximum versatility is assured by allowing the user 

to select the level shift method. Typical applications include: muhi- 

ply, divide*, square root", mean square”, phase detector, frequency 

Goubler, balanced modulator/demodulator, electronic gain control. 
*When used with an operational amplifier, 


€ Wide Bandwidth 


с Excellent Linearity — 196 max Error on X-Input, 2% max Error on 
Y-Input — MC1595L 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


DS 9124 R1 


с Excellent Linearity — 2% max Error on X-Input, 4% max Error on 
Y-Input — MC1495L 


€ Adjustable Scale Factor, K 


(top view) 


€ Excellent Temperature Stability 


CERAMIC PACKAGE 
CASE 632 
TO-116 


€ Wide Input Voltage Range — + 10 Volts 


с + 15 Volt Operation 


FIGURE 1— FOUR-OUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH 
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E(VOLTS) 


Ay, GAIN (dB) 
' 


Vo. OUTPUT VOLTAG 
Џ 
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-10<Ух< +10 (Vy = 310 V) 
-10<Уү< +10 (Vx = +10 V) 

ТА = -559C 10 +125°C MC1595 
-10<Ух< +10 (Vy = +10 V) 
-10< Vy € +10 (Vx = +10 V) 

: Squaring Mode Error: 


Accuracy in Percent of Full Scale After 
Offset and Scale Factor Adjustment 


БРЕСТЕ СС CHARS СВЕВИ cT IGS aw] айй, ee RIS, а е gays? Tm Не Баро ae 
E, 
E» О 
Н Characteristic Min | Typ 
| Linearity: 
Output Error in Percent of Full Scale: 
| TA = +250С 
-10< Vx +10 (Vy = 110 V) MC1495 
MC1595 
-10€ Vy < +10 (Ух - 310 V) MC1495 
MC1595 
| ТА = Ото +70°C MC1495 
| 


i 
| 
i 
| 


ТА = +25°C MC1495 
MC1595 
TA = Oto +70°C MC1495 
; ТА = -55°C to +125°C MC1595 
| Scale Factor (Adjustable) 
| 28, 
i 13 Ах Ry 
| Input Resistance MC1495 
(f = 20 Hz) MC1595 
MC1495 
MC1595 


, Differentia! Output Resistance (4 = 20 Hz) 
| Input Bias Current 


! „Чо? lo „4 +18) MC1495 
| X 2 уо МС1595 
| | MC1495 
| MC1595 
‚ Input Offset Current 

| По — 1121 MC1495 
; МС1595 
i Па — (ві x MC1495 
: MC1595 


Average Temperature Coefficient of 
Input Offset Current 


(TA = Ото +70°C) MC1495 
(ТА = -559C to +125°C) MC1595 

! Output Offset Current 
| 114-121 MC1495 
MC1595 


! 


‚ Average Temperature Coefficient of 
Output Offset Current 


— | +... 


` Common Mode Gain 
(Either Input) MC1495 


i MC1595 
| Common Mode Quiescent рр 


Output Voltage 


| (ТА = 0 to +70°C) MC1495  , = 20 E 
! (TA = -55°C to 41259 C) MC1595 = 20 = 
| Frequency Response 
i 3.0 dB Bandwidth, R = 11 КО 9,10 BW3ag - 3.0 - MHz 
| 3-0 dB Bandwidth, Ry = 50 2 (Transconductance Bandwidth) Tew3 ав - 80 - MHz 
! 3? Relative Phase Shift Between VxandVy , fg - 750 = kHz 
| 1% Absolute Error Due to Input-Output Phase Shift fg - 30 - kHz 
Common Mode Input Swing | у CMV Vdc 
(Either Input) MC 1495 +105 £12 - 
МС1595 
| 
! 


National | Regulators =} 
Semiconductor $ enim m EVO 
LM104/LM204/LM304 Negative Regulator 


General Description. ~ тхл} нике бурне ата 


% 


T 
iip и ) 
LM104/LM204/LM304 


за 32 Next 


| - The LM104 series аге precision voltage regulators = 0.3% temperature stability over military tem- 

' which сап be programmed by a single external. - ~ perature range 

{ resistor to supply any voltage from 40V down to The LM104 series are complements of the LM100 | 

і ‘ zero while operating from a single unregulated .and LM105 positive regulators, intended for 

| supply. They can also provide 0.01-percent regula- “systems requiring regulated negative voltages . 
tion in circuits using a separate, floating bias which have a common ground with the unregu- 

| supply, where the output voltage is limited only `. lated supply. By themselves, they can deliver | 

| by the breakdown of external pass transistors.” output currents to 25 mA, but external transistors ` 
Although "designed primarily as linear, series can be added to get any.desired current. The · 
‘regulators, the circuits can be used as switching сори? voltage is set by external resistors, and 
regulators, current regulators or in a number of either constant or foldback current limiting is =! 
other contro! applications. Typical performance made available. 
characteristics are: The LM104 is specified for operation over the 
= Subsurface zener reference ; ` -55°C to +125°C military temperature range. The 
= 1 mV regulation no load to full load LM204 is specified for operation over the -25^C to 
9 0.01%/V line regulation +85°C temperature range. The LM304 is specified 
в 02 mV/V ripple rejection for operation from 0°С to +70°C. 


Schematic and Connection Diagrams 
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Шы Order Number LM104H, LM204H or LM304H 
t See NS Package H10C 
^ = у оис ато “ айы 
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Туріса! Applications Basic Regulator Circuit 
Operating with Separate Bias Supply 


Absolute Maximum Ratings 


LM104/LM204 


Input Voltage 
Input-Output Voltage Differential 
Power Dissipation (Note 1) 
Operating Temperature Range 
LM104 - ~55°C to 125°C 
LM204 s ; DOW. -25'C to 85° c | 
; — LM304 2 0°C to +70°С ^ 
Storage Temperature Range | 265°C to 150°C - ~65°C to 4180" C : 
Lead Temperature (Soldering, 10 sec) + 300°C Les 300°C _. 


Electrical Characteristics _ 
PARAMETER 


Input Voltage Range 
Output Voltage Range 


Output-Input Voltage lo = 20 тА 
Differential (Note 3) lo =5 тА 


Load Regulation (Note 4) 0€ Ig < 20 тА 
5 с = 150 


Line Regulation (Note 5) Vout € -5V 
| AV = 0.1 Vin 


Rippie Rejection Сла = 10 uF, f= 120 Hz 
| Vw < ВМ. 
-7V > Мн > -15V 


Output Voltage Scale Factor | R25 = 2.4k 
Temperature Stability Vo < -1\ 


Output Noise Voltage 10 Hz < f < 10 kHz 
Vo € -5V. Cig = 0 
"Cas = 10 ДЕ 


Standby Current Drain I, =5 mA, Vo =0 
Vo = -30V 
Vo = —40V 


Long Term Stability Vo €-1V 


Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. 
"For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150° C/W, 
junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for junction temperatures between —55"C and 150°C (between —25"C and 100°C for the 
LM204 and 0°C to +B5°C for the LM304) and for input and output voltages within the ranges given, unless otherwise specified. 


The load and line regulation specifications are for constant junction temperature. Temperature | drift effects must сы taken into 


account separately when the unit is operating under conditions of high dissipation. 

Note 3: When external booster transistors are used, the minimum output- input voltage differential 15 increased, in the worst case, 
^ by approximately 1V. 

Note 4: The output currents given, as well as the load regulation, can be increased by the addition. of external transistors. The 

improvement factor will be roughly equa! to the composite current gain of the added transistors. 

Note Б: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between ОУ 

and —5V, а dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation. 
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Voltage Regulators 


а | 3 
€ (М105 2051 М 305 voltage regulator 


general description 


The LM105, LM205 and LM305 are positive volt- 

age regulators similar to the 1 М100, except that 
. an extra gain stage has been added for improved 
regulation. А redesign of the biasing circuitry 
removes any minimum load current requirement 
and at the same time reduces standby current 
drain, permitting higher voltage operation. They. 
are direct, plug-in replacements for the LM100 in 
both linear and switching regulator circuits with 
Output voltages greater than 4.5V. Important 
characteristics of the circuits are: 


в Output voltage adjustable from 4.5V to 40V 7 


m Output currents in excess of 10A possible by 
adding external transistors 


= Load regulation better than 0.1%, full load with 
current limiting 


schematic and connection diagrams 
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typical applications. 


10A Regulator with Foldback Current Limiting 


= DC line regulation guaranteed at 0.03%/V 
= Ripple rejection of 6.01%/\ 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4" x 1/4" metal flat package. 


The LM205 is identical to the LM105 except that 
it is specified for operation from -25°C to 85°C. 


The LM305 is specified for operation from O^C to 
70°C and for output voltages to 30V. 


Metal Can 


REGULATED DUTPUT 


Covet ұзат он 


CURRENT LIMIT 0 (7) мотро 


BOOSTER puteu? (2) OLI 


VBSRECULATED INPUT ©, REFERENCE BYPASS 


C^DUND 
моле: Ра 4 кезесе t cm 
TOP vite 


Flat Package 


ND COMMECTION 
силат зыл 
ALCCULATED OUTPUT 
COMPENSATION 
FEEDBACK 


NO CONNECTION 
BOOSTER OUTPUT 
UNRECULATEO 7) 
GROUND 

REFERENCE BYPASS ГС 


Note. Pe A sonari m Бөлен ol package 


1.0A Regulator with Protective Diodes 


SOEWI/SOCWI/SOLW- 


LM105/LM205/LM305 


absolute maximum ratings 
input Voltage А 
LM105, LM205 т 50V 
LM305 - 40V 
input-Dutpot Voltage Differential 40V 
Powet Dissipation (Note 1) 
LM105, LM205 800 mw 
LM305 А 500 mw 
Operating Temperature Range 0C1070 C 
LM105 -55°C to +85°С 
1М205 -25°C to +150°C 
LM305 ОС 10 70°C 
Storage Temperature Range ~65°C to 150°C 
Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 2) 


PARAMETER 


Input Voliage Range 
LM105, LM205 
LM305 


Output Voltage Range 
LM105, LM205 
LM305 


Output Input Voltage 
Differential 


Load Regulation (Note 3) 
LM105 


0 X 1o < 12 mA 


Rec = 1882, ТА = 25°C 0.02 
Rec = 1097, ТА = 125°C 0.03 
Rsc = 189, ТА = -55°С 0.03 


0< 1. < 120A 
Rec = 189, ТА = 25°С 0.02 
Rsc = 1052, ТА = 85°C 0.03 
Rsc = 189, ТА = -25°С 0.03 


0<10<12тА 
Rec = 180, Ta = 25°C 0.02 
Rsc = 158, ТА = 70°C 0.03 
Rsc = 180. ТА = 0°С 


Vin 7 Vout <5У 
Vin 7 Vout > 5V 


Line Regutation 


Ripple Rejection Cres = IOuF, f= 120 Н; 


Temperature Stability 


LM105 -55°С < ТА < 125°С | 03 
LM205 -25°C < T, < 85°C 0.3 
LM305 ОСТА < 70°C 0.3 


Feedback Sense Voltage 


10 Hz € f € 10 kHz 
Caer * 0 0.005 
Carer > 0.1 uF 0.002 


Output Noise Voltage 


Standby Current Drain « 
LM105,LM205 
tmM305 


Long Term Stability 


Note 1: The maximum junction temperature of the LM105 is 150°C, while that for the LM205 is 
100°C, and that for the LM305 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150° C/W, junction to ambient, ог 45° C/W, 
junction to case. For the flat package, the derating is based on a thermal resistance of 185" C/W when 
mounted on a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 
Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for rhe LM305. 

Note 2: These specifications apply for input and output voltages within the ranges given, and for a 
divider impedance seen by the feedback termina! of 2 КЇ}, uniess otherwise specified. The load and 
line regulation specifications are for constant junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating under conditions of high dissipation. With the 
LM205, hovever, all temperature specifications are limited to —25°С to 85°C. А Д 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor у 11 be roughly equal to the composite current gain of 
the added transistors. 


.M105/LM205/LM305 
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: 124 General Purpose Resistors ^ 
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ó ТҮРЕ TR—1/10 Wan 


обылы ы Шы ыды. 


ТҮРЕ CB—Y% Watt 


ТҮРЕ ЕВ— У; Watt 


ж--- ---- 


Сав ——— 


TYPE GB—1 Watt 


BIC 


TYPE HB—2 Wott 


Metal Clad Resistors. 


TYPE HM—4 Watt 


Hermetically Sealed — 
Ceramic Encased Resistors 


тт 


ТУРЕ TS —Уё Wott 


—— T unc. auccm ince 
TYPE С5--У; Мон 


7% <> e. > 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Resistance chonges due to humidity ore temporary, 
ond in the cose of Allen-Brodley resistors are re- 


versible. 


Resistance changes due to increase in moisture con- 
tent аге always positive. 


Resistance change due to humidity in low-value re- 
sistors is less than in high-value resistors. 


Change of resistance which has occurred due to 
humidity may be essentially eliminated by condi- 
tioning the resistor at 100°C for 48 hours. 


Resistors operating with as little as 1/1 0th rated wott- 
age load are essentially not affected by humidity. 


Hermetically-sealed resistors do not exhibit resistance 
change because of humidity. 


Resistance change due to load life is permanent and 
ultimately negative. 


Resistance change due to load life can be minimized 
—1% to 2% in mony thousands of hours by 50% 


derating. у 


This same result can be attained by limiting the maxi- 
mum operating surface tempercture of the resistor 
under lood to 100?C. 


Resistance change due to soldering is positive and may 
be permanent if the resistor has moisture present in 
its body. It can be greatly minimized if resistors are 
dry at the time of soldering. 


The temperature characteristic of the Allen-Bradley 
resistor is positive above and below room temperature 
—room temperature is considered to be between 


10°C and 30°C. 


The temperature choracteristic of the Allen-Bradley 
resistor is negligible from — 10°C to --80°С. 


The voltage characteristic of the Allen-Brodley re- 
sistor is negative and is less at elevated operated 
temperatures than at room ambient. 


The voltage characteristic is less in low-value resistors 


than in high-value units. 


The voltage characteristic and the temperature char- 
acteristic tend to cancel one onother in on Allen- 
Bradley resistor under average operating conditions, 
where both voltage ond temperature аге present. 


The heat sink to which a resistor is connected affects 
its rating. Resistors operated in porallel should be 
derated unless an adequate heat sink is provided. 


The quality ond reliobility of Allen-Bradley resistors 
is the same for, and independent of, any resistonce 
tolerances shown on the resistor. 


MM2114, MM2114L Family 


Functio 


Two pins t 
Select (CS 
controls Tf 
Enable (МЕ 
= = and 2150 cc 


TOMTOM PES е о T 
it (1024 x 4) Static RAMs : ed WE ce 


National | NMOS RAMs 


Semiconductor 


| -READ«yc 
ие "9 Time Мам 
General Description ; Features any chang 
The MM2114 family of 1024-word by 4-bit static ran- m All inputs and outputs directly TTL compafible Set fetched an 
dom access memories is fabricated using N-channel ш Static operation—no clocks or refreshing required low, Hag 
silicon-gate technology. All internal circuits are fully а Low power—225 mW typical | transfer 
static and therefore require no clocks or refreshing у ү 
- 1 
for operation. The data is read out nondestructively w Highspeed а is 200 ns access иле Address : 
and has the same polarity as the input data. Common в TRI-STATE® output for bus interface address c 
input/output pins are provided. = Common Data In and Data Out pins т, 
PR = Single БУ supply -~ | arrival. 
The separate chip select input (CS) allows easy memory в Standard 18-pin dual-in-line package + 
expansion by OR-tying individual devices to a data bus. 
Block 


Connection Diagram Logic Symbol 


Duat-In-Line Package 


TOP VIEW 


Truth Table 
Order Number MM2114J-25L, MM21 14-25, қ 
MM2114J-2L, MM2114J-2, MM2114J, MM2114J-L, 
MM2114J-3L or MM2114J-3 E 
See NS Package J18A 


E 


Not Selected 


Order Number MM2114N-2L, MM2114N-2, очи 
ММ2114М, MM2114N-L, MM2114N-3L ` | 
ог ММ2114№-3 _. __. Write 0 
Read 


See NS Package N18A 


Functional Description dU 


Two pins control the operation of the MM2114. Chip 
Select (CS) enables write and read operations and 
controls TRI-STATING of the data-output buffer. Write 
Enable (WE) chooses between READ and WRITE modes 
and also controls output TRI-STATING. The truth table 
details | the states produced by combinations of the, cs 
and WE controls. 


~~ ВЕАО-сусіе "dup shown in the section on Switching 
Time Waveforms. WE is kept high. Independent of CS, 


лапу change in 'address code causes" new data to be 


fetched and brought to the output buffer. CS must be 


ze low, however, for the output buffer to be enabled and 


transfer the data to the output pin. 


.. Address access time, tA, is the time required for an 


* Block Diagram 


address change to produce new data at-the output pin, 
assuming CS has enabled the output buffer prior to data 
arrival. Chip Select-to-output delay, 100, is the time 


Е , ои € 


sipagin 


required for CS to enable the output buffer and transfer | 


previously fetched data to the output pin. Operation 2s 
with CS continuously held low is permissible. — M 
T t ғи 7,4. АЕ C DENS 


WRITE-cycle timing is shown in the section on Switching Lr 
Time Waveforms. Writing occurs only during the time- = 


both CS and WE àre low. Minimum write pulse width, 
twp. refers to this simultaneous low region. Data set-up 
and hold times are measured with respect to whichever 
control first rises. Successive write operations may: be 
performed with CS continuously held low. WE then is 
used to terminate WRITE between address changes. 
Alternatively, _WE may be held tow for successive 
WRITES and CS used for WRITE interruption.between 
address change. 4 


In any event, either WE or CS (or both) must be high 
during address transitions to prevent erroneous WRITE. 
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ММ2114; MM2114L Family 


Absolute Maximum Ratings Operating Conditions 15255627 
ё è el í „MIN , МАХ UNITS 
Voltage at Any Pin — wee. -0.5У to 47V Supply Voltage (Усс) 22222425, | 525 Ya 
Storage Temperature У -65°C to +150°С Ambient Temperature (TA) 29--,0-...76 
Power Dissipation Ы 1w ы к NM B к. oc der 
ooo lation ips TO seconds i oos ЖЕГЕ «ее Өт сер ENTER TERT ways етапи bt 
"T 50% nme : те Sup PD Sa icd rct Nob өзг (баға 
DC Electrical Characteristics тд = 0°с то +70°С, Усс = 5v 15% = cuyo At 


MM21M 55 

~» ММ2114-2 — + 
MM2114.25 , - 
MM2114-3 


MM2114-L 
MM214-2t. 2:27 
MM2114-25L 

MM2114-3L ^^ 


- ; 
VU а пор а жанан noe Sim 


577 PARAMETER | CONDITIONS 


егин ay та | 
посао иаа | — — — — -— 


Logical “0” Output Voltage 101 = 2.1 тА ЕЕЕ 
input Load Current * VIN * 0to 5.25V | cw | 
Output Leakage Current VQ = 4V to 04V, CS = Viu | -0 | 


AC Electrical Characteristics тд - о°с to +70°С, Vcc = 5V +5%, (Note 2) 


SYMBOL PARAMETER MM2114-2L MM2114-25L MM2114-3L MM2114-L NITS 


READ CYCLE 

| nos Gee tine Ev — [9 | 

ELCHE EN 
EE 
[3 


Chip Select to Output Active 
Chip Select to Output TRI-STATE 


Output Hold from Address Change 
WRITE CYCLE 


ИГИН 
wc [women [эю | 
| Write Pulse Widin __- [ № | 

ма” NNNM EE 
| WP. 

EXP 

кән 

жең 


ws 
wor 
mo 


Capacitance'7, = 25°C, f= 1 MHz, (Note 3) 


SYMBOL PARAMETER 


сол | onan coina [чо | 


r 


Note 1: Typical values at TA = 25°C. - 


Note 2: АП input transitions < 10 ns. Timing referenced to Ми (МАХ) or VIHIMIN) for inputs, 0.8V and 2V for output. For test murposes, input 
levels should swing between OV and 3V. Output load = 1 TTL gate and Сі = 100 pF. 


Note 3: This parameter is guaranteed by periodic testing. 


18 


intel 2147H 


HIGH SPEED 4096 x 1 BIT STATIC RAM 


mount of time the 
а relationship 
cess time. with 
г switch would 
"те. since some 
of tion. А 
g sate for 
~ is a function of 
or short deselect 
es slower than 
sation typically 
mes. Chip Select 
n address access 
‚п offsets the time 
counts for this 
ес! ассе55 times, 


Max. Access Time (ns) 
Max. Active Current (mA) 


Max. Standby Current (mA) 


m Pinout, Function, and Power Compatible № Direct Performance Upgrade for 2147 
to Industry Standard 2147 


HMOS II Technology = Automatic Power-Down 


m Completely Static Memory — No Clock № High Density 18-Pin Package 
or Timing Strobe Required 


W Directly TTL Compatible — АН Inputs 
m Equal Access and Cycle Times 


and Output 
+15% 
Single *5V Supply 
a - RP = Separate Data Input and Output 
9 m 0.8 - 2.0V Output Timing 
WE = Reference Levels ШЕ  Three-State Output 
17246 100 


The Intel® 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS- 11, Intei's next 
. generation high-performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of- 
use features associated with non-clocked static memories and the reduced standby power dissipation associated with 
clocked static memories. To the user this means low standby power dissipation without the need for clocks, address setup 
the 2147 requires and hold times, nor reduced data rates due to cycle times that are longer than access times. 


pe required of a 


that a 0.1.2 to CS controls the power-down feature. In less than a cycle time after С5 goes high — deselecting the 2147H — the part 
Е оте device automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
jecoupler every 16 This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
il depend on board selected. 


e. Power supply 
ага layout. A very 
a two-layer board 
orizontal traces on 


The 2147H is placed in an 18-pin package configured with the industry standard 2147 pinout. It is directly TTL compatible in 
ali respects: inputs, output, and a single +V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 
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Усс РОМЕН (+5V) 


| 
put signal lines to 


koe TE 21] 
Ims, fast drivers can 


driving the high Dour DATA OUTPUT 


minations may be 
he line to the driver. TRUTH TABLE 


[WE| ^ woor — [ourrur] rower] 


ends on designer 


іме or resistive- NOT кыы АЕ 
hinator power dis- READ ACTIVE 
-— 


2147H 


ABSOLUTE MAXIMUM RATINGS* 


A Orr 


“COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 


Temperature Under В1а5................- - 10°C to 85°C 
Storage Temperature ................ - 65°C to + 150°C 
Voltage on Any Pin With 
Незрестобгоипд...................... -3.5\ to *7V 
Power Dissipation ..........................-... 1.2W 
Ы.С.ОйриіСштепл!............................ 20тА 


D.C. AND OPERATING CHARACTERISTICS "! 
Ta = 0*C to 70°C, VCC = +5V + 10%, unless otherwise noted. 


2147H-1, 2, 3 2147H-4 
Symboi Parameter Min. Typ. Max. Min. Typ. Max. 


ШЇ] Input Load Current 
{All Input Pins) 


Шә] Output Leakage 
Current 
lec Operating Current 120 170 
180 


hi ii iid MOM ЈЕ 
ipo" Peak Power-On 35 70 
Current 


VIL input Low Voltage -3.0 0.8 -3.0 0.8 


ViH Input High Voltage 


Мон Output High Voltage 


los Output Short Circuit | -150 *150 -150 
Current 


Notes: 


1. The operating ambient temperature range is guaranteed with transverse air 


2. Typical limits are at VCC-5V. TA=+25°C, and specified loading. 
3. A pull-up resistor to УСС on the CS input is required to keep the device 
deselected; otherwise, power-on current approaches ІСС active. 


A.C. TEST CONDITIONS 


Input PulseLevels GND to3.0 Volts 
InputRise andFall Times 5nsec 
Input TimingReference Levels 1.5Volts 
Output Timing Reference Level (2147H-1) 1.5 Volts 
Output Timing Reference Levels (2147H-2, 3, 4) 0.8- 2.0V 
Output Load See Figure 1 
CAPACITANCE “1 


Тд=25°С, f-1.0MHz 


[Parameter id a | 
Input Capacitance | 5 | 


Output Capacitance 


Symbol Conditions 


VouT=0V. 


KI 


Note 4. This parameter is sampled and not 100% tested. 


1-66 


rating conditions for extended periods may affect device 
reliability. 


Test Conditions 
ША VCC-MAX, Vin=GND to УСС 


A | 65-мін. Усс=Мах.. 
VOUT=GND to 4.5V 


mA | ТА-25%С| Vcc-Max. CS-ViL 


mA TA=0°C |Outputs Open 


VCC=Min. to Max. 
CS-ViH 


VCC=GND to Vcc Min., 


< 


о =8тА 


Іон =-4.0тА 
тА VouT=GND to УСС 


flow exceeding 400 linear feet per minute. 


Vec 


510: 


Dour 
30 pF 
{INCLUDING 


— ТҮ SCOPE AND 
pr 


Figure 1. Output Load 
Vec 


5100 


Figure 2. Output Load іог1ң2, 42. twz. tow 
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CS-Lower of УСС or Мін Min. 


ADORESS 


DATA OUT 


READ CYCLE 


DATA OUT e. 


Vee кез — ~ 


SUPPLY 
CURRENT Igp =m 


Notes: 
1. All Reaa Cycie ti 
2. At any given tem 
3. Transition is met 
4. WE is high for 
5. Device is contin, 
5. Addresses valid | 
7. This parameter is 
8. Chip deselected ! 
9. Chip deselected fi 
оссигв accordinc 


2147H 


A.C. CHARACTERISTICS 


ТА = 0°С to 70°C, УСС = +5V+10%, unless otherwise noted. 


2147H-1 2147H-3, 4 
Parameter Min. Max. Min. Max. 


„absolute 
Ji amage to the 
опа! opera- 
itions above 
s of this specifi- 

pa 0 ахітит 
device 


Test Ш 
Conditions 


Read Cycle Time | 5 ___| 
Address Access Time 


Chip Select Access Time FREE | 
Chip Select Access Time | 35 | 


N . 
ZH wu | Chip Selection to Power up Time [о J o [о || 
DOAN ____- 
-Max., CS=VIL 
Lee open WAVEFORMS 
prae 14.5! 
READ CYCLE NO. 1^ 
"—— ны: 
to Усс Min.. | 
P ot Voc or Vin Min. - 
ры ода e 
ee ADDRESS 
у. ——————— 
ПЕЧИ 
D to Voc DATA OUT PREVIOUS DATA VALID DATA VALID 
minute. READ CYCLE NO. 21/45! 
| a 
2 © 
30 pF чч 
INCLUDING 
r aa AND DATA OUT HIGH IMPEDANCE 
Load 
үсс Vec tec 
SUPPLY 
CURRENT 1ш 
510: 


Notes: 
- Ali Read Cycle timings are referenced from the last valid address to the first transitioning address. 


- At any given temperature and voltage condition, tHZ max. is less than tLZ min. both for a given device and from device to device. 
. Transition is measured +500 mV from Steady state voltage with specified loading in Figure 2. 
- WE is high for Read Cycles. 


Device is continuously selected, CS - VIL. 

. Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 

. Chip deselected for greater than 55 ns prior to selection. 

. Chip deselected for a finite time that is less than 55 ns prior to selection. (Ifthe deselect time is Ons, the chip is by definition selected andaccess 
occurs according to Read Cycle No. 1. Applies to 2147H-3 specification. 


S pF 


1ң2, 2. twz. tow 


оочольом-а 
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A.C. CHARACTERISTICS (Continued) 


|| 
1 
| WBITE CYCLE 


ha 2147H-1 2147H-2 2147H-3, 4 mi 
Parameter Min. Max. Min. Max. Min. Max. 
[WiüeCydeTme — Га | ШІН 
chip Selection to End ot wie | s | 

| Address Valid to End of Write | 35 (| 


Test 
Conditions 


Write Pulse Width 
Write Recovery Time 


Address Setup Time ЕСЕМ 
Data Valid to End of Write m wen 


Data Hold Time 


Write Enabled to Output in High Z 


Output Active from End of Write 


WAVEFORMS 
WRITE CYCLE #1 
(WE CONTROLLED) 41 


= 


DATA IN VALID 


DATA UNDEFINED 


WRITE CYCLE #2 
(CS CONTROLLED) 4 


HIGH IMPEDANCE 


DATA UNDEFINED 


Note: 
1. t CS goes уп simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500 mV from steady state voltage with specified loading in Figure 2. 
4. CS or WE must be high during address transitions. 


ЖІ 


Am26.52520 


| 


DISTINCTIVE CHARACTERISTICS 


€ 8-bit byte oriented equal comparator 
Cascadable using ЕМ 
High-speed, Low-Power Schottky technology 
tpd A * B to Ёоџт in 9ns 


Standard 20-pin package 
10096 product assurance screening to MIL-STD-883 
requirements 


CONNECTION DIAGRAM 


Усс four 87 A7 Be Аб 85 № м А 


Ем Ao Bo А, Ву Az 82 Аҙ Вз GNO 


Note: Pin 1 is marked for orientation 


- mparator 


FUNCTIONAL DESCRIPTION 


The Am25LS2521 is an 8-bit “equal to” comparator capable 
of comparing two 8-bit words for "equal to” with provision 
for expansion or external enabling. The matching of the two 
8-bit inputs plus a logic LOW on the Ену produces an active 
LOW on the output EQUT. 

The logic expression for the device can be expressed as: 
Eour = (Ap © Bo) (A19 B1) (А2 ӨВ2) (A383 (Ад B4) 
(АБО ВБ) (A70 B7) EIN. It is obvious that the expression is 
valid where Ag — Аў and Bg — Ву are expressed as either 


assertions or negations. This is also true for pair of terms i.e. 


Ag can be compared with Bo at the same time А4 is compared 
with B4. It is only essential that the polarity of the paired 
terms be maintained. 


LOGIC DIAGRAM 


LOGIC SYMBOL 


18 17 1615 3413 121 9 


Усс = Pin 20 
GND * Pin 10 
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Ат251.52521 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L тд = 0°Сто +70°C Усс = 5.0У +6% MIN. = 4.75V МАХ, = 6.25V 

MIL ТА = —55°С 10 +125°C Мсс = 5.0У 410% MIN. =4.50V MAX. =5.50\ 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Unit: 


VoL 


Џ 
IL 


E Nd Усс = MIN. | aaoua | MIL 
utput oltage OH = — р. 
E 8 VIN = Мін or Vit COM'L 


L3 3 
ЖШ ШИ 


Output LOW Voltage Volts 


Vin= Vigor Уи. | 106 8.0тА 
IOL = 12mA 


Guaranteed input logica! HIGH 
voltage for all inputs 


ІШ 
ТҰН; 


Input HIGH Level 


Guaranteed input rogical LOW 
voltage for all inputs 


Input LOW Level 


а 
N 


input Clamp Voltage 


Input LOW Current ГЕ] 
m Input HIGH Current Vcc = MAX., Vin = 27V EB 


Усс = MIN., tin = 18 тА 


Усс = MAX., Vin = 0.4У 


Ы 


[ 


a 
В т 
> 


Input HIGH Current Усс = MAX., Vin = 7.0V 
Output Short Circuit Current Vcc = MAX. 

(Note 3) 

Power Supply Current = 

(Note 4) Vec = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Усс = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Е = GND, all other inputs and outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) EI 
Storage Temperature —65^C to 41506 
Temperature (Ambient) Under Bias | —55°С to 4128 C. 
Supply Voltage to Ground Potential Continuous А 0.5% to +7.0¥_ | 
DC Voltage Applied to Outputs for High Output State —0.5V to *Vcc mac 
DC Input Voltage —0.5V to 70V. | 
DC Output Current, Into Outputs 30 % 
DC Input Current | —ЗОТА to +5,0ТА | 
x 
Lt 
E 
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Ат251 52521 


SWITCHING CHARACTERISTICS 
{ТА = +25°С, Усс = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


ET M 
ЕСТЕ 


Unit 


m 
4 


Е to Equal 


~ 


SWITCHING CHARACTERISTICS 
Volts OVER OPERATING RANGE * 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 
Min. Max. 


ТА = -55'C «о +125°С 
Усс = 500 +10% 


Parameters Description 
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* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


— A: Ai tt 
Agri MARNE c fict CURRENT INTERFACE CONDITIONS 


Bg- B; B input to comparator 
Ем Enable active LOW 
Éour EQUAL output active LOW 


Metallization and Pad Layout 


LJ 
e 2: 

8 

2 

(2 


DRIVING OUTPUT DRIVEN INPUT 


—65° С to +150°C 
—55"C to +125°С | ~ pg gei 
—0.5V to +7.0V = ды e а qe, 
—0.5V to +У СС max. aD 
—0.5V to +7.0V 


30mA ceca ~ 


--З0тА to *5.0mA | 


DIE SIZE 0.063" x 0.074" Note: Actual current flow direction shown. 
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DESCRIPTION 


Model 40J was designed to fill the need for a low-cost general-purpose 
differential FET-input operational amplifier with a minimum of perfor- 
mance compromises. As will be seen in the table below, it turns out to 
be a "Best Buy" when its salient specifications are compared with those 
of two competitive discrete FET-input op amps, a "super-beta" 1.С., and 
the 118A, ageneral-purpose bipolar-input modular operational amplifier. 


Because of its low cost, Model 40J is a natural first choice for applica- 
tions requiring FET-input amplifiers, or where marginal bias current 
specifications of available low-cost bipolars have in the past led to per- 
formance compromises for the sake of cost. This new low cost even 
makes it feasible to think in terms of stocking Model 40J, and buying 
bipolar-input types only for those exceptional cases where their charac- 
teristics are entirely adequate. 


Where higher performance is required, Model 40K provides 20 pA of 
bias current and 20uV/°C drift at only $19.00 (1-9). For even more 
demanding applications, Analog Devices offers a broad line of FET op 
amps offering tighter specifications on key parameters. Examples are: 
Low voltage drift 2uV/°C (Model 146), high common-mode rejection 
40,000 (Model 143), ultra-fast response 0.8 and 1.5us to 0.01% (Models 
45 & 149), and miniature hybrid ТО -8 construction (Model M501). 


WHERE TO USE MODEL 40 

FET op amps are usually the best choice when the amplifier's signal in- 
put comes from a high-impedance source (such as a photomultiplier), 
where extremely high input impedance is desired to minimize loading 
of a signal source (for example, measuring voltage across an unknown 
impedance), or for the measurement of very small currents. The bene- 
fits of FET op amps in these applications are manifest in two ways: 

1. Input impedances are high. High input impedance is especially 
useful in such non-inverting applications as buffer amplifiers and mod- 
erate speed sample-holds, and in inverting applications requiring large 
values of feedback resistance, including integrators and differentiators 
for slowly-varying signals. 

2. Bias currents are low. (Bias currents are the small leakage currents 
which flow through the input terminals). This allows accurate measure- 
ment of small currents, and also reduces that component of output 
voltage drift due to the voltage drop of bias current in feedback circuit 
resistors. It also allows the design of integrator circuits having low 
drifts and sample-hold circuits with excellent ability to retain charge. For 
example, in an integrator application at room temperature, employing 
Model 40J, the rate, 9f leakage across a 1.0uF capacitor in HOLD will 
be less than 50 x 107 d (1.0 x 10” ) = БОКУ рег second. That capacitor, 
if charged to * 10V, would lose less than 0.1% of its charge (i.e., 10mV) 
in 200 seconds (assuming that the capacitor's own time constant were 
greater than 0.2 million seconds, circuit leakage resistance were better 
than 200 КМО, etc.). 


SALIENT SPECIFICATIONS OF TYPICAL ALTERNATIVES 
3308/12С1 ОЕТ-Б" 


N 200k 200k 
typ. no load 


Ay: min, 10k load 250k 
rated load 
100 (INV) 


Output, rated 


Rin differential 


Price (1-9) US. Dol 


EUR UL 
“1 8 
& 


*1 
ZI 


$12.00 | $11.90 


iH 
"18 
5 


*Published specifications available November, 1969 , 


СО48а - 50 - 5/70 
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MODEL 40J/K 
"GENERAL PURPOSE 


LOW COST FET OP—AMP 


FEATURES 

Voltage Drift + Бор V/°C max 
Bias Current 50pA max 
Bandwidth 4MHz 

Slew Rate 6V/usec 

Low Noise 3uV rms 

Low Cost (1—9) 


$12.00 (40J) 


ANALOG 
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APPLICATIONS 


High Impedance Buffer Amplifiers 
Precision Integrators 
Sample-and-Hold Circuits 


Picoamp Current Measurements 


Я DEVICES 


221 FIFTH ST., CAMBRIDGE, MASS. 02142 
TEL: 617/492-6000 TWX: 710/320-0326 


Am26LS32* Am26L S33 


Quad Differential Line Receivers 1 


DISTINCTIVE CHARACTERISTICS 


@ Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) оп 
Am26LS32 
+0.2V sensitivity over the input voltage range on Am26LS32; 
+0.5V sensitivity оп Am26LS33 
The Am26L5S32 meets all the requirements of RS-422 and 

| В5-423 

6k minimum input impedance 

30mV input hysteresis 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Fail safe input-output relationship. Output always high 

when inputs are open. 

Three-state drive, with choice of complementary output 

enables, for receiving directly onto a data bus. 

Propagation delay 17ns typical 

Available in military and commercial temperature range 

Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 

MIL-STD-883 


—À — 


FUNCTIONAL DESCRIPTION : 
The Am26LS32 is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, and Federal Standard 
1020 and 1030 for balanced and unbalanced digital day 
transmission. H 
The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range’ of 17V. 


The Am26LS33 features an input sensitivity of 500mV ove 
the input voltage range of t15V. 


The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3. 
state outputs with 8mA sink capability and incorporate а fag 
safe input-output relationship which keeps the outputs higy 
when the inputs are open. 


The Am26LS32 and Am26LS33 are constructed using Ag. 
vanced Low-Power Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE 


| | i 


GNO Усс 


ORDERING INFORMATION 


Ат261532 Am26LS33 


Package Temperature Order Order 
Type Range Number Number 
Hermetic DIP  —55°С to+125°C + AM26LS32DM — AM26LS33DM 

Flat Pak —55°С to +125°С  AM26LS32FM AM26LS33FM 
Dice ~55°C to +125°С АМ261532ХМ АМ261533ХМ 
Hermetic DIP 0°C to +70°C AM26LS32DC AM26LS33DC 
Molded DIP 0°C to +70 С AM26LS32PC AM26LS33PC 
Dice 0°Сто +70 С AM26LS32XC | AM26LS33XC 


Уст INg2 INg1 


ип 
Угу. . 4 


трг !Np; іне? 


Naz МАТ 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


gu ECTRII 
те followit 

L532X! 
am26L532Xt 


perameters 


ме 1. All ty 


1 
FOR' 


! AOV OUTPUT 
UNDER TEST ^ 


CAPACITANCE 


Am26LS32 e Am26LS33 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


supply Voltage 


7.0V 
Common Mode Range +25У 
pifferential Input Voltage +25V 
Enable Vòltage 7.0V 
Qutput Sink Current 50mA 
Storage Temperature Range -65°C to +165°C 


ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 


am26LS32XM, Am26LS33XM (MIL) TA = —55°С то +125°С Veces 50V + 10% 
26LS32XC, Am26LS33XC (СОМА) ТА = 0°С to +70°С Vec " 5.0V + 5% 
Ат А сс Тур 
Description Test Conditions Min. могу Мал. 


Differential Input Voltage 


input Current (Under Test) VIN = 15V, Other Input —15V < VIN < +15V 
Input Current (Under Test) Vin = —15V, Other Input —15V < Viy < +15V | | 


Усс = Min., AVIN = +1.0У COM'L 2.7 
Output HIGH Voltage сс IN ` | 27 | 
Voc = Міп., AVIN = —1.0V [ = 4.0тА 
Output LOW Voltage cc IN or ЈЕ] 


VENABLE "08V BULUM e 
кшй е NN NN НИ 
“менон” а 
[ Eene cemo Voe | Veg Wenccee | 
Off-State (High Impedance) |Vo-24v | | 
Output Current 

emmmer [у-у 7| 
Vo = OV, Усс = Max., AVIN = *1.0V 

Voc = Max., АП Viy = GND, Outputs Disabled 


ТА = 25°C, Усс = 5.0V, Сү = 1БРЕ, see test cond. below 


Input to Output 
Input to Output ТА = 25°C, Усс = 5.0V, Сү = 15pF, see test cond. below 


Enable to Output ТА = 25°С, МСС = 5.0V, C, = 15pF, see test cond. below 


vote: 1. All typical values are Усс = 5.0V, ТА = 25°С. 


Ат261 $32, —7V < Мом < +7М 


—15V < Vom < +15У (One Input AC ground) 


VOUT = VoL or Мон 


< 
о 
A 
o 
ұз 
< 


sg 


o 


ТА = 25°С, Усс = 50V, Vem = ОМ 


LOAD TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 
i 
TEST Уон -m 30v 
Voc и N M 
Р „ме 7] Ж Ми "MM —X—— se 
твом 
UNDER Test u 


OUTPUT d 
саит 2 - ом 
тін ені | а, ' 
OPPOSITE 25v — —— 745v | озу 
PHASE 
„в ALL DIODES INPUT -X — 4 ov NORMALLY 
ахо aa TRANSITION A 


13V —t 8 
1N916 OR ————— -аљу им оғ — VoL 
153064 ELI 


—- | “-І-і || "ui 

9-5. MALIN uv 
NORMALLY к= ҮТ 
52 RE HIGH 51 OPEN, * 


—— —— ~ov 


osv 


Notes: 


1. Diagram shown tor Enable LOW. 

2. 51 and $2 of Load Circuit are closed except 
where shown. 

3. Pulse Generator for АП Pulses: Rate < 1.0M Hz; 

Zo = 50M; t, < 15ns; ty < 6.0ns. 
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ig 
DUAL 3-INPUT 3-OUTPUT MTTL ІШ MC3000 series мотоногл (ДА 


“NAND” SERIES TERMINATED 


LINE DRIVER 


1/2 OF CIRCUIT SHOWN 


SWITCHING TIME TEST CIRCUIT 


Winx = 
+2.5 Vde 


: 1 
i 


950 + Е. 
seyi | 
ov 


PRF = 1.0 MHz typ 
PW = 100 ns 
у = 5.5 0.515 L 
t4 = 5.5 + 0.5 ns 


950 + 1.0% 
75 


ТР 
29 


ut 


1/4 MC3000 


“Тһе coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Ст = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 


JUNE 1968 


This device is a dual 3-input/3-output series-terminated 
NAND line driver that minimizes switching transients on long 
lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 5O to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


5 
41 
2 6 
3 

4 

9 
11 
12 8 
13 

10 


Positive Logic: 4, 5,6 = 1 • 2 • З 
Negative Logic: 4, 5, 6 = 1 + 2 + З 


Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 and 8) = 
10 Minus The Number of Resistor- Terminated Outputs 
Being Used. 

Output Loading Factor, Resistors (Pins 4, 5, 9 and 10) = 1 


Total Power Dissipation = 44 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 


VOLTAGE WAVEFORMS AND DEFINITIONS 


TPin 


GND 


ipd'0" eni 


1ра“1” 


TPout ^— «15V 


ND 


MTTL Iti Sheet 4.2 


MC3029 
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SIMVA 39V110A/ 1N3880D. 153! 
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Solid State 
Division 


Linear Integrated Circuits 
CA3045 


General-Purpose Transistor Arrays 


The CA3045 and CA3046 each consist of five general 
purpose silicon n-p-n transistors on a common mono- 
lithic substrate. Two of the transistors are internally 
connected to form a differentially-connected pair. 


The transistors of the CA3045 and CA3046 are well 
suited to a wide variety of applications in low power 
systems in the DC through VHF range. They may be 
used as discrete transistors in conventional! circuits 
however, in addition, they provide the very significant 
inherent integrated circuit advantages of close elec- 
trical and thermal matching. 


The CA3045 is supplied in an hermetic 14-lead Dual-In- 
Line ceramic package rated for operation over the full 
military temperature range. 


The CA3046 is electrically identical to the CA3045 but 
is supplied in a dual-in-line plastic package for appli- 
cations requiring only a limited temperature range. 


APPLICATIONS 


€ General use in oll types of signal processing systems 
operating anywhere in the frequency range from 


DC to VHF 
ө Custom designed differential amplifiers 
9 Temperature compensated amplifiers 


е See RCA Application Note, ICAN-5296 "Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array" for suggested applicotions. 


m 


STRATE 
92Cs - 15206 


Е:д.1 - Schematic diagram. 


Monolithic Silicon 


CA3046 


CA3045 


THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 


For Low-Power Applications at Frequencies 
from DC through the VHF Range 


FEATURES 


• Two matched pairs of transistors 
УВЕ motched ^ 5 mV 
Input offset current 2 LÀ max. at lc = 1 мА 


• 5 general purpose monolithic transistors 
€ Operation from DC to 120 MHz 

ө Wide operating current range 

э Low noise figure - - 3.2 dB typ. at 1 kHz 


е Full militery temperature range for CA3045 
-55 to +125°C 
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ABSOLUT 


Power Dis 
At TA 
At TA 
At TA 
At TA 
At TA 
Collector-t 
Collector-t 
Collector-t 
Emitter-to- 
Collector ( 
Temperatu 
Operati 
Storage 
* The colle 


CA3046 i 
diode. Ti 


ELECTRICAL 


Characteristics 


STATIC CHARACT 
Collector-to-Base 1 
Collector-to-Emitte 
Coliector-to-Substri 
Emitter-to-Base Bre 
Collector-Cutoft Cu 
Collector-Cutoff Cu 


Static Forward Curr 
(Static Beta) 


Input Offset Curren 
Q and 02. |І, 


Base-to-Emitter Vo! 


Magnitude of Input ( 
ential Рап |Vgg 


Magnitude of Inpu 
lated Transistor 


IVgg, - Var; 


Temperature Coeffic 
Base-to-Emitter Vol 


Collector -to-Emitter 


Temperature Coeffic 
Magnitude of Input 


ABSOLUTE MAXIMUM RATINGS AT T, = 25°C: 


Power Dissipation: 
At Ta = 25°C 
At T4 = 25°C to 55°C 
At TA > 55°C 
At T4 = 25°C to 759С.... 


CA3045 
Each 


Tronsistor 


Total 
Package 


750 
Derate at 8 


CA3046 
Each 
Tronsistor 


300 750 
300 750 
Derate at 6.67 


Total 
Package 


At TA > 75°C 
Collector-to-Emitter Voltage, УСео . · 15 15 
Collector-to-Base Voltage, Усво: · · · 20 20 
Collector-to-Substrate Voltage, Усто*. 20 20 
Emitter-to-Base Voltage, Vppo 5 5 
Collector Current, Ic 50 50 
Temperature Range: 

Operating 

Storage... 


Oto +85 - 
-25 to +85 
to the most negative point in the external circuit to 


maintain isolation between transistors and to provide 
for norma! transistor action. 


-55 to +125 
-65 to +150 
* The collector of each transistor of the CA3045 and 


CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected 


ос 


ELECTRICAL CHARACTERISTICS, ot ТА = 25°C 
Chorocteristics apply for each transistor in the CA3045 and CA3046 as specified. 


LIMITS 


Type CA3045 
Type CA3046 


CHARAC- 
units | TERISTIC 


SYMBOLS CURVES 


CHARACTERISTICS SPECIAL TEST CONDITIONS 


3 


STATIC CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 
Collector-to-Emitter Breakdown Voltage 
Collector-to-Substrate Breakdown Voltage 
Emitter-to-Base Breakdown Voltage 
Collector-Cutoff Current 

Collector-Cutoff Current 


о [Vcg 0V.lg-0 


{1с = 10 mA 
Мер = ЗМ. © = 1 mA 
СЕ C 

hi = 10 yA 


Vcg = ЗУ, Ig = | mA 


lp = ] МА 
Vcg = 3 VS Е 
СЕ fi 10 mA 


Vcg = ЗУ, Iç = 1 пА 


7 
0.002 


> 


Static Forward Curtent-Transfer Ratio 
(Static Beta) 


Input Offset Current for Matched Pair 
Q and 02. Il, = по, 


Base-to-Emitter Voltage УВЕ 


Е 


Magnitude of Input Offset Voltage for Differ- 
ential Pair ве, - Уве, 


Magnitude of input Offset Voltage for Iso- 
lated Transistors |УВЕ, - ІЗ! 


Vog = ЗМ, le = 10A 
CE C 
Vpt, * УВЕ5 |, IVBES - УВЕЗ 


AV 
BE 
ЕСЕ 


^ 
l^ Vio ҮСЕ = ЗМ, 1 = 1 пА 


Temperature Coefficient of 
Base-to-Emitter Voltage 


ИС ЛЕ | 


ae 
б 


що + 


dr 
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ELECTRICAL CHARACTERISTICS (Cont'd.) 


DYNAMIG CHARACTERISTICS 


Low-Frequency Noise Figure 


Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 


Forward Current- Transfer Ratio 
Short-Circuit Input Impedance 
Open-Circuit Output Impedance 


Open-Circuit Reverse 
Voltage-Transfer Ratio 


Admittance Characteristics: 
Forward Transfer Admittance 
Input Admittance 


f = 1 kHz, Voge = ЗМ, | = 100 мА 
Source Resistance = 1 
БІН аас 
Output Admittance 
Reverse Transfer Admittance 


Генев бине —— | ба [ыз | 


an (ere X 
4 ase Se ND 
П 2 rs а 
E L1 1 F) 
ki $1. | | 
- “ КЕ mg Desc зет 
z ёс so ee 
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$ E ees 
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à dim 
8 4 
о 
== 
Bs 
55 75 100 р 
AMBIENT TEMPERATURE (TA) —*C AMBIENT TEMPERATURE (TA)— °C 
92С5-1519%5 92C$- 19194 
Fig.2 - Typical collector-to-base cutoff current vs Fig.3 - Typical collector-to-emitter cutoff current vs 


ambient temperature for each transistor. ambient temperature for each transistor. 
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STATIC FORWARD CURRENT ~ 


Fig.4 - 
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Division 


Transistor Array 


Monolithic Silicon 


The CA3026 and CA3054 each consists of two independent DUAL INDEPENDENT 
differential amplifiers with associated constant-current 

transistors on a common monolithic substrate. The six 

n-p-n transistors which comprise the amplifiers are DIFFERENTIAL AMPLIFIERS 
general purpose devices which exhibit low 1 "f noise and 
a value of fr in excess of 300 MHz. These features 
make the CA3026 and СА3054 useful from dc to 120 MHz. “ы 

Bias and load resistors have been omitted to provide For Low-Power Applications T 
maximum application flexibility. É 

The monolithic construction of the CA3026 and CA3051 at Frequencies from DC 
provides close electrical and thermal matching of the 

amplifiers. This feature makes these devices particularly to 120 МН? 

useful in dual channel applications where matched per- 

formance of the two channels is required. 

The CA3026 is supplied in a hermetic 12-lead TO-5 

style package and is rated for full military operating- 

temperature range of -559C to +125°C. 


12-Leod TO-5 


The CA3054 is supplied in a 14-lead plastic Dual-in-line Tin | 
package with a limited temperature range. The availa- Plastic Pockoge | 
bility of extra terminals allows the introduction of an 1 
independent substrate connection for maximum flexibility - 

| 


APPLICATIONS FEATURES 
e Ооо! sense omplifiers е Two differential amplifiers on a common substrate 
* Duol Schmitt triggers ө Independently accessible inputs ond outputs 


e Multifunction combinotions -- RF Mixer Oscillotor; 
Converter IF 


e Maximum input offset voltage -- 15 mV 


e IF omplifiers (differentiol and or coscode) e Full military temperature range capability -- -55°C to 
+125°С 


e Product detectors 


© Limited temperature range -- ОС to 859C for CA3054 


e Doubly bolonced modulotors ond demodulators 


е Bolonced quodrature detectors 


е Coscode limiters | б + : м {9 
. a je m | Т 2 "i 14 t 
ж ^ 


© Pairs of balonced mixers he 
е Synthesizer mixers у, У 
e Bolonced (push-pull) coscode amplifiers ч A 
қ г [5) 9258-5720 
T SUBSTRATE 
! | Fig.lb - Schematic Diagram for CA3054. 
43 о. — 96 9% 
а ч 
5 unn) CAUTION: Substrate MUST be maintained negative with 
s2¢$-nees AND CASE respect to all collector terminals of this device. See 


| Fig.la - Schematic Diogrom for CA3026. Maximum Voltage Ratings chart. 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT ТАЕ 25°С 


. 
CA3054 
300 


CA3026 

300 
Total package ........ 600 
For TA > 559С.... Derate at 5. 

Temperature Range: 
Operating ...... 


Power Dissipation, P: 


Any one transistor ..,.. mW 


mW 
6.67 mW/°C 
. -55 to + 125 ... -40to +85 9С 
„65 10 + 150... -65 о 450 °C 
* The collector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 


be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and provide 


Maximum Voltage Ratings 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, Уско ПОИНИ ны 
Collector-to-Base Voltage, Усво: 
Collector-to-Substrate Voltage, Vcio*- ews 
Emitter-to-Base Voltage, 
Collector Current, к. es 


for normal transistor action. The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capacitor, to avoid 
undesired coupling between transistors, 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 11 and horizontal terminal ЗТ is 415 to -5' 


~ 


volts. 


T For CA3026;corresponding terminals for CA3054 are vertical 


terminal 2 and horizontal terminal 4. 


CA3054 
TERMINAL No. 


CA3026——- 
TERMINAL 
No. 


* Voltages are not normally applied hetween these terminale, 
Voltages appearing between these terminals will be safe if, 


Maximum 
Current Ratings 


* Terminal No.10 of CA3054 is not used 


the specified limits between all other terminals are not 


exceeded. 


Note 1: In the CA3026 terminal No.9 is connected to the emitter 


of Q4. 


shou а not be grounded. 


the reference substrate, and the case;therefore,the case 
Two terminal 9 columns (CA3026) 


врреаг in the voltage rating chart because it is a composite 
Chart for both the CA3026 and the CA3054. Wherever an asterisk 
is shown in one column 9 and a rating is shown in the other 


column 9, the asterisk should be ignored. 


338 
ELECTRICAL CHARACTERISTICS at Тд = 25°C 


CA3026 
CH ARACTERISTICS - CA3054 
LIMITS 


STATIC CHARACTERISTICS 
For Each Differential Amplifier 
input Offset Voltage 
input Offset Current 


Input Bias Current 


Quiescent Operating 
Current Ratio 


Temperature Coefficient 
Magnitude of Input-Offset Voltage 
For Each Transistor 


DC Forward Base-to- 
Emitter Voltage 

Temperature Coefficient of Base- Мар = ЗМ. le = 1 ПА 
to-Emitter Voltage CB ес 


Collector-Cutoff Current Icpo Veg = 10V. Ig = 0 


УВЕ 
Collector-to-Emitter V TENTE 
Breakdown Voltage (BR)CEO 
Collector-to-Base 2 
V Ic = 105A, Ip = 0 
Collector-to-Substrate е = 
ү Ic = 10А, Icy = 0 
Breakdown Voltage ( BR)CIO 
Emitter-to-Base Breakdown Voltage | V BREBO 


DYNAMIC CHARACTERISTICS 


Common-Mode Rejection Ratio CMR 
For Each Amplifier 


AGC Range, One Stage AGC 


Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 


Forward Current-Transfer Ratio 
Short-Circuit Input Impedance 
Open-Circuit Output Impedance ы f = 1 kHz, Veg = 3У, 


Open-Circuit Reverse Voltage- Iç = ГМА 
Transfer Ratio 


TYPICAL 
CHARAC- 
TERISTICS 


TYPICAL 
CHARAC- 


TERISTICS 
CURVES 


ENSE 
ШЕШ 
TENERE 


UNITS 


3 
< 


* 
» 


v/ec 


жилы Haad ces y cae can m cu 
= БА AB е = 
= * 
e 


:% 
ЕНЕ 


COLLECTOR CUTOFF CURRENT (1сво!—"А 


a 
о 
5| = 


а јар 
о 


|- | 


8 


DYNAMIC CHARACTERISTICS СОМТ’О. 
1/f Noise Figure NF 
(For Single Transistor) 
Gain-Bandwidth Product i 
(For Single Transistor) T 


Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 


Forward Transfer Admittance 
Input Admittance 
Output Admittance 
Reverse Transfer Admittance 


Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplifier) 


Forward Transfer Admittance 
Input Admittance 
Output Admittance 
Reverse Transfer Admittance 


Each Collector 


Total Stage 
lc a: 2.5 mA 
f = 1 MHz 


ә 

kd 2 8 
Ј = 

= 


TYPICAL STATIC CHARACTERISTICS 


ко 


2 
©? 


mama 
| 
pm 
= 


INPUT BIAS MICROAMPERES (ту) 


AMBIENT TEMPERATURE (TA)—*c * 


9ecs-i5195 01 4 в 1 ? 4 в 10 
COLLECTOR MILLIAMPERES (Ic) 
* For CA3054: use data from 0°C to 85°C only 92c$-15258 0 
Fig.2 - Collector-to-base cutoff current vs ambient temper- Fig.3 - Input bias current characteristic vs collector 


ature for each transistor. current for each transistor. 
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National 
Semiconductor 


LM117/LM217/LM317 3-terminal adjustable regulator 


general description 


The LM117/LM217/LM317 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed regula- 
tors. Also, the LM117 is packaged in standard transistor 
packages which are easily mounted and handled. 


іп addition to higher performance than fixed regulators, 
the LM117 series offers full overload protection 
available only in ІС%. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 


features 


Adjustable output down to 1.2V 
Guaranteed 1.5A output current 

Line regulation typically 0.01%/V 

Load regulation typically 0.1% 

Current limit constant with temperature 
100% electrical burn-in 

Eliminates the need to stock many voltages 
Standard 3-lead transistor package 

80 dB rippie rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM117 is useful 
in a wide variety of other applications. Since the regu- 
lator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 


Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM117 сап be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 


The LM117K, LM217K and LM317K are packaged in 
standard TO-3 transistor packages while the LM117H, 
LM217H and LM317H are packaged in a solid Kovar 
base TO-5 transistor package. The LM117 is rated for 
operation from -55°C to +150°C, the LM217 from 
~25°C to +150°C and the LM317 from 0°C to +125°C. 
The LM317T and LM317MP, rated for operation over a 
0°С to +125°C range, are available in a TO-220 plastic 
package and a TO-202 package, respectively. 


For applications requiring greater output current in 
excess of 3A and 5A, see LM150 series and LM138 
series data sheets, respectively. For the negative comple- 
ment, see LM137 series data sheet. 


LM117 Series Packages and Power Capability 


RATED DESIGN 
DEVICE POWER LOAD 
DISSIPATION CURRENT 


- | __20/ | 15A | 
LM217 
|79: | osa | 


LM317T 10-220 
TO-202 


typical applications 


1.2V —25V Adjustable Regulator 


tOptionsl—improves transient 


response 

"Needed if devics is far from 

filter capacitors INPUTS 
R2 & 

ffvour = 1.25% ( +— Sets maximum Убит 
R1 


Digitally Selected Outputs 


5V Logic Regulator with 
Electronic Shutdown* 


*Min output ~ 1.2V 


Е! absolute maximum ratings ty 
Power Dissipation Internally limited 
Input—Output Voltage Differentia! 40V 
| Operating Junction Temperature Range 
LM117 —55'C to +150°С 
Т! 1М217 —25°С to +150°C 
| LM317 0°С to +125°С 
| Storage Temperature -65%С to +150°С 
if Lead Temperature (Soldering, 10 seconds) 300°C 
| І preconditioning 
| Burn-In in Thermal Limit 100% АП Devices 
P electrical characteristics (Note 1) 
T | РАНАМЕТЕН CONDITIONS енен | 
"n 
ІШ мн e ын | тг 
|| 
| Line Regulation ТА = 25°С, ЗУ < VIN – Моџт < 40V 
| (Note 2) 
| 
ЈЕ | Load Regulation TA = 25°С, 10 mA < IOUT < МАХ 
il VouT € 5У, (Note 2) 
| | Vout > 5V, (Note 2) 
|| Thermal Regulation TA = 25°C, 20 ms Pulse 
|| 
H Adjustment Pin Current 
Adjustment Pin Current Change 10 тА € 1 SIMAX 
E 2.5V < (ViN- VouT! € 40V 
| Reference Voltage 3 € (ViIN-VouT) < 40V, (Note 3) 
|: 1 10 mA < IOUT < МАХ. P < PMAX 
$ 
| Line Regulation 3V € VIN - VouT < 40V, (Note 2) 
Load Regulation 10 mA € Ioyt < Imax. (Note 2) 
VouT < 5\ 
ў VouT > 5V 
| Temperature Stability Тмим < Tj < ТМАХ 
| Minimum Load Current VIN-VOUT = 40V 
Current Limit VIN-VouT € 15V | 
K and T Package 
H and P Package | 
VIN- VOUT = 40V | 
K and T Package | 
H and P Package | 
RMS Output Noise, % of VOUT ТА = 25°С, 10 Hz < f < 10 kHz 


Ripple Rejection Ratio VQuT = 10V, f = 120 Hz 
САБ; = 10uF 
j | Long-Term Stability ТА = 125°С 
Thermal Resistance, Junction to Case | Н Package 
K Package 
T Package 


P Package 


i Note 1: Unless otherwise specified, these specifications apply: -55°C < тр< +150°С for the 1М117,-25°С< 11< +150°C for the LM217 and 
OC < T; € +125 С for the LM317; Vin—Vout = 5V and Іоџт = ОЛА for the TO-5 and TO-202 packages and lout = 0.5A for the TO-3 pack- 
age and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of ZW for the 
TO-5 and TO-202 and 20W for the TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 package and 0.5A for the TO-5 and TO-202 package. 
Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. 

Note 3: Selected devices with tightend tolerance reference voltage available. 
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LM119/LM219/LM319 


National 
Semiconductor 


LM119/LM219/L 


General Description 


The LM119 series are precision high speed dual 
comparators fabricated on a single monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to à single 5V logic 
supply and ground. Further, they have higher 
gain and lower input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM119 compatible with 
RTL, DTL and TTL as well as capable of driving 
lamps and relays at currents up to 25 mA. Out 
standing features include: _ 


Features 


= Two independent comparators : 

= Operates from a single 5V supply 

= Typically 80 ns response time at t15V 
= Minimum fan-out of 2 each side 


Voltage Comparators ' 


ee ee am br A ap t m 


igh Speed Dual Comparator Ж 


e 


Maximum input current of 1 pA over tempera- 
"ett aaa et e ahi 


ground i 12е ми > 


High.common mode slew rate i 
z * 


+ 
Inputs and outputs can be isolated from system . 


Although designed primarily for applications re: — 


quiring operation from digital logic supplies, the: 
LM119 series are fully specified for power supplies 
up to +15\. И features faster response than the 
LM111 at the expense of higher power dissipation. 
However, the high speed, wide operating voltage 
range and low package count:make the LM119 
much more versatile than older devices like the, 
LM711. ! s i 


The LM119 is specified from -55"C to +125°С, 
the LM219 is specified from —25°С to +85°C, and 
the LM319 is specified from 0°C to +70°C. | 


Schematic and Connection Diagrams · 


Dual-in-Line-Package 


Ter vum ot 
Order Number LM319N 
See NS Package N14A 


Order Number СМТ 19J, LM219J 
or LM319J 
See NS Package J14A 


Metal Can Package 


Order Number LM118H, LM219H 
or LM319H 
See NS Package H10C 
Vor s 17 . 
Nr tn 
ALII 
ж.ж... 


Window Detector 


LM119/LM219/LM319 


Absolute Maximum Ratings LM319 


Tota! Supply Vohage | 36v 
Output to Negative Suppty Voltage 36v 
Ground to Negatwe Sopply Voltage . 257 
Ground to Positive Supply Voltage = = 18У 
Differential input Voltage У 1 +5у 
input Voltage (Note 1) . 215У 
"Electrical Characteristics (Note 3) - 
PARAMETER 
Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 
Input Bias Current 
Voltage Gain 


Response Time (Note 5) 


Ta = 25°C Vg = +15У 


Saturation Vohage 
ТА = 25°C 


Output Leakaoe Current 


А 
. 


Power Dissipation (Note 2) - = E) ve 4 500 mw 
Output Short Circuit Duration св Nw - 10 мс 
Operating Temperature Range LM319 5 ОС vo 70°C 
Storage Temperature Range -55'C to 150°C 
Lead Temperature (Soldering, 10 о қ 300°C 


mh 


LONE ова ријеке РРА 


Vin < -10 mV, lour = 25 mA 


Vin > 10 mV, Vous * 35V. 


М = Venn = OV. ТА = 25°C 


Input Ofíset Voltage (Note 4) Re < 5k 
Input Offset Current (Note 4) 
Input Bias Current 


Vs = 215V 
№ = БУ, V> =0 


У\>4.5\, У =0. 


Input Voltage Range 


Saturation Voltage 


Vin € - 10 mV, Ising < 3.2 mA 


Differential Input Voltage 


Positive Supply Current 
Positive Supply Current ТА = 25°C У; = #15У 
Negative Supply Current ТА = 25°C Vg = $15V 


Ta = 25°C, М* = 5У, М = 0 


Note 1: For supply voltages less than 2 15V the absolute maximum input voltage is equa! to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must Бе derated based on a thermal resistance of 150" C/W, junction to ambient, ог 45° C/W, junction to case. 
The thermal resistance of the dual-in-line package is 100" C/W, junction to ambient. 

Note 3: These specifications apply for Vg = 215V and D'C < TA < 70°C, unless otherwise stated. The offset voltage, offset : 


current and bias current specifications apply for any supply voltage from a single 5V supply up to + 15У supplies. 


Note 4: The oftset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 тА load. Thus, these parameters define an error band and take into account the worst case effects of 


voltage gain and input impedance. 


Note 5: The response time specified ts for а 100 mV input step with 5 mV overdrive. ; 


‘National Operational Amplifiers/ Buffers 


Semiconductor 


LM124/LM224/LM324, LM124A/LM224 LM2902 
Low Power Quad Operational Amplifiers —  . : 


General Description ть А Advantages 


The LM124 series consists of Tour independent, ‘high в Eliminates need for dual supplies 
gin, internally frequency compensated operational am- . 
plifiers which were designed specifically to operate from 
a single power 'supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the goes to GND 

magnitude of the power supply voltage. B = Compatible with all forms of logic 


Four "internally compensated op amps in a лаје 
раскаде + = 
= Allows directly sensing near GND and Vous aso 


, в Power drain suitable for battery operation 
Application areas include transducer amplifiers, dc gain | 
blocks and all the conventional op amp circuits which | Features 
now can be more easily implemented in single power 


e А 5 
supply systems. For example, the LM124 series can be Internally frequency compensated for unity gain 


directly operated off of the standard *5 Мрс power * Large dc voltage gain 100 dB 
supply Voltage which is used in digital systems and will = Wide bandwidth (unity gain) 1 MHz 
easily provide the required interface electronics without (temperature compensated) 
requiring the additional +15 Vpc power supplies. = Wide power supply range: 
Single supply 3 Vpc to 30 Vpc 
or dual supplies +1.5 Морс to +15 Voc 
. e m res = Very low supply current drain (ВООДА) — essentially 
Unique Characteristics independent of supply voltage (1 mW/op amp at 
= in the linear mode the input common-mode voltage 59 Voc) W d 
range includes ground and the output voltage can also = Low input biasing current 45 nApc 
swing to ground, even though operated from only a (temperature compensated) 
single power supply voltage. < = Low input offset voltage 2mVpc 
ES and offset current 5 пАрс 
в The unity gain cross frequency is temperature ® Input common-mode voltage range includes ground 
compensated. г в Differential input voltage range equal to the power 
supply voltage 
в The input bias current is also temperature " Large output voltage 0 Voc to V* - 1.5 Vpc 
compensated. | : swing h а 


лә 


Connection Diagram 


Schematic Diagram (Each Amplifier) 


Dual-In-Line and Flat Package 


ФУТРИТ а ШТ пет” ет 3° OUTPUTS 


GND 


on Amplifier 


Order Number LM124J, LM124AJ, 
LM224J, LM224AJ, LM324J, 
LM324AJ or LM2902J 

See NS Package J14A 
Order Number LM324N, LM324AN 
or LM2902N 
See NS Package N14A 
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Y MOTOROLA M63480 


Specifications and 
Applications Information DYNAMIC 


MEMORY CONTROLLER 


MEMORY CONTROLLER FOR 16 PIN 4K, 16K 
AND 64K DYNAMIC RAMs 


The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin multiplexed 
dynamic NMOS RAMs in a microprocessor system such as the 
M6800. The controller will generate, on command from the micro- 
processor, the proper timing signals required to successfully transfer 
data between the microprocessor and the NMOS memories. The 
controller, in conjunction with an oscillator, will also generate the 
necessary signals required to insure that the dynamic memories are 
refreshed for the retention of data. 


SCHOTTKY MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


• Greatly Simplify the MPU-Dynamic Memory Interface 

* Reduce Package Count and System Access/Cycle Times 3096 

• Chip Enable for Expansion to Larger Word Capacity 

€ Generate 1 of 4 RAS Signals for an Optimum 16K/64K 
Memory System 

* High Input Impedance for Minimum Loading of MPU Bus 

€ Schottky TTL Technology for High Performance 


: Қ P SUFFIX 
@ Useful with 4K and 16K and Future Expanded Dynamic RAMs PLASTIC о ИН 


CASE 649 


BLOCK DIAGRAM 


Signals 

To 
MC3232A/ 
MC3242A 


Row Enable 


PIN CONNECTIONS 


Addi 
Control 
Logic Refresh Enable 


Ref Grant 


МС 11 22 13 14 15 


Severa! methods may be employed to generate the required ите delay: 
One shots 

High frequency counters 

. High frequency shift registers 

. Delay lines 

. Signals frorn MPU Clock 


DAUN» 


За мења" 


See Pin Descriptions 
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MC3480 MC34 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Г Rating [мы | СУЛЫ 
Power Supply Voltage [ ус | 79 | 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the 
device cannot be guaranteed. They sre not meant to imply that the devices should 
be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 
Г м | буть | Маме | Uni | 


450 10 «650 
Operating Ambient Temperature Range] Ta | оөз | °C | 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and temperature 
ranges.) 


Input Voltage — Low Logic State 


| 
| 
| 

input Current — Low Logic State 
(Ми = 0.5 V) | 
Input Current — High Logic State (Мін = 2.7 V) | 
(Мн = 5.5 V) | 


Input Clamp Voltages 
{к = 18 mA) 


Output Voltage — Low Logic State : 
(101 = 24 mA for RAS, CAS, and RW) 


(ig, = 8.0 mA for Row En, Ref En, MC, Ref Ред) 
Output Voltage — High Logic State 
пон“ - 1.0 mA for RAS, CAS, and R/W) 
(он = -0.4 mA for Row Еп, Ref En, and MC) 
Іон = -0.2 mA for Ref Req 
(Note: Ref Req output has internal 5.0 k 
resistive pullup to МСС.) 


Power Supply Current — During R/W or Refresh 
— During Idle 
Output Short-Circuit Current 
(VoL = 0 V for Row Еп, Ref En, and MCI 


FIGURE 1 — TYPICAL tpT1,3,and4 (HIGH TO LOW) versus 


LOAD CAPACITANCE — RAS, CAS and R/W 


Voc = 5.0 Volts 


tpt}. PROPAGATION DELAY TIME (м) 


Сі, LOAD CAPACITANCE (pF) 
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SWITCHING CHARACTERISTICS — (Uniess otherwise noted, 4.5 < Усс < 5.5 V, and 0 < TA < 70°C и 


Propagation Delay Times (Full AC Load — All Outputs) 
MC to MC — Low to High | 
MC to MC — High to Low 
t1 to RAS 
t2 to Row En 
t3 to CAS 
14 to ЯМ 
15 to CAS 
to RAS 
to RW 
to Row En (Refresh) ТРТБЕВ 
to Row Еп (R/W) ІРТБЕ 
to Refresh En ТРТБЕ 
Ref Cik to Ref Req тРСО 
Ref Grant to Row Еп PGS 
to Ref En 
11 to Ref Req (Ref onty) рта 


Propagation Delay Times (AC Load, 15 pF — Ан Outputs) 

t1 to RAS РТ} 

12 10 Row En 1РТ2 

13 to CAS 1РТЗ 

t4 to ВМ 1РТ4 

t5 to CAS 1РТ5С 
to RAS tPTSR 
to R/W tPT5W 
to Row En (Refresh) ТРТБЕВ 
to Row Еп (ЕЛ) ТРТБЕ 
to Refresh Еп ТРТБЕ 


Setup Times (Full AC Load – АП Pins) 
Ref Сік before Ref Grant I| њиве) 
A12, A13 before t1 tsula} 
RM input before t4 АЛ) 
СЕ before t1 (СЕ) 
Ref Grant before t1 tsu(RG} 


Hold Times {Fuit AC Load — All Pins) 
A12, A13 after t5 
CE after t1 
RM after 14 
MC Rising after t1 Rising 


Minimum Delay Times (Note 2 — Full AC Load — All Pins) 
t1 Low to High to t2 Low to High 19(1-2) | 
11 Low to High то 14 Low to High td(1-4) е 
12 Low to High to 13 Low to High tg(2-3) 
13 Low to High to t5 Low to High ta(3-5) 4 


Minimum Pulse Widths 
t1 through t5 twL(uU 


ни) 
MC twimc) 
Ref Grant 'WIRG) 


Note 2: If delays between t1—t5 are less than the minimum specified, the succeeding outputs may not switch. 


AC LOADS (Note 3) 


EDIDI HR and CÁS Outputs ЖЕРІНЕ 


| RASOupus | Outputs 
MC, Row En, Ref En, and Ref Req Outputs ET е фы 
*Includes probe and jig capacitance. 


NOTE 3: АП outputs can drive larger capacitive loads than those shown 
with а small decrease in speed. See Figure 1. 


MC3480 


PIN DESCRIPTION TABLE 


Row Address Strobe pins which connect to each of the dynamic RAMs to latch in row address on memory chips. 
Decoded to 1 of 4 during R/W cycle. Atl 4 go low during refresh cycle. 


| са5 ejn] Column Address Strobe pin which connects to each dynamic RAM to latch in column address. 


This pin signals the dynamic RAM whether the RAM is to be read from or written into. 


Row Enable output which goes to the MC3232A (MC3242A). it signals the Address Multiplexer that the lower half 
(Row Addresses) or the upper half (Column Addresses) of the address lines are to be multiplexed into the dynamic 
RAM address inputs. A Logic 1 on this output indicates the Row Addresses, and a Logic 0 indicates Column Addresses. 


Refresh Enable output. А Logic 1 signals the Address Multiplexer that a refresh cycle is to be done, and a Looic 0 
indicates that address multiplexing should be done. 
Chip Enable Input. A Logic ! on this pin disables all chip functions, except that of Refresh and the MC output. CE must 


E pum be low during 11 low to high transition to initiate R/W cycle. Once t1 is initiated, the cycle is independent of CE. 
АЛ ја The Read/Write input pin receives information from the M6800 MPU as to the direction of data exchange in the 
dynamic RAM. It transmits a Logic 0 to the R/W output for а Write Cycle and a Logic 1 for a Read Cycle. 


A13(A15) | 17 Upper Order Address lines from the M6800. These two inputs decode to four signals controlling the four RAS outputs. 
A12(A14) | 18 A14 and A15 apply to 16K RAMs. 
MC Memory Clock input Кот MC6875 clock or other signal source. The rising edge of MC must occur after the rising 
edge of t1 to avoid aborting the refresh cycle. When MC rises, it resets an internal flag that will terminate refresh at the end 
of the current cycle. Failure to reset the flag forces the 3480 to refresh every cycle thereafter. MC can be connected to 
t2 or 13 in noncritical applications. 


The buffered complement output of MC. It is a buffered output which may be used to drive the circuitry creating the 


time delays used on inputs t1 through t5. 
Ref Clk ES 


These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered 
inputs. Assuming a Read/Write cycle is to be executed, a positive edge on t1 forces a logic 0 on one of the four RAS 
Outputs as determined by the A12/14, A13/15 inputs. After a delay, a positive edge on t2 causes Row Еп to go to a 
Logic О, providing address-multiplexing information to the MC3232A ог МСЗ242А. 13 enables the CAS output and it 
goes low. t4 enables the R/W output and it goes low, assuming the R/W input was iow. t5 resets all the outputs to а 
Logic 1 (with the exception of MC, Ref En, and Ref Req). The inputs t1, t2, 13, and t5 are daisy-chained, so they must 
be sequentially driven to obtain the desired output signals. t4 can be driven at any time after 11. 
Тһе 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle is required. 11 is a positive-edge triggered 
input, and upon triggering, the Ref Req pin goes to a Logic 0. 
The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle, This output has 
a 5 kf? pullup resistor to the Усс supply to allow wire-ORing if desired. 


Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is 
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a 
DMA Grant even though they appear on the same line. When employing both dynamic memory (refresh) and DMA 
in a microprocessor-based system with a combined Refresh/DMA Request control on the clock, provision must be 
made for holding off à OMA request during a refresh period (and visa versa). If this provision is not made, clock 
stretching (cycle stealing) will continue indefinitely and dynamic microprocessor data will be lost. The positive edge 
on Ref Grant causes Row En output to go low and Ref Еп output to go high. This signals the MC3232A (МС3242А) 
that a refresh address is required. The refresh cycle occurs with the succeeding pulses on t1-t5. A positive edge on t1 
causes Ref Req to go high and all the RAS outputs to go low. A positive going edge on t2 causes no change in the 


ЫЙ Бй 
outputs, since it controls the address multiplexing (Row Еп) during the Read/Write cycles. There is по output change 
when t3 and t4 go high because no CAS or R/W signal is needed during refresh. A positive edge on t5 resets the RAS 


Ref Grant 
and Row En toa Logic 1 state, and Ref En to a Logic 0 state, ready for the next Read/Write cycle. 


| Мос | 24 | *5.0 V supply. A 0.1 uF capacitor is recommended to bypass ріп 24 to ground. 


* These outputs are designed to drive the highly capacitive inputs of multiple dynamic RAMs/(150 pF for RAS outputs, and 450 pF for CAS 
and R/W outputs). Consequently, these outputs have no short-circuit limit and must be handled accordingly. Good high capacitance toad 
driving techniques usually include a 10 П or greater series damping resistor. It is highly recommended that this be done on RAS, CAS and 
R/W outputs of the МС3480. The effect of these series damping resistors on rise and fall times must be included in timing considerations. 


NOTE: АП other outputs are LS/TTL totem-pole configuration unless otherwise noted. 
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Note 


(M) MOTCROLA 


Unit 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 
OUTPUTS 


QUAD LINE DRIVER WITH 
THREE-STATE OUTPUTS 


SILICON MONOLITHIC 


Motorola's Quad RS-422 Driver features four independent driver INTEGRATED CIRCUIT " D 


chains which comply with EIA Standards for the Electrical Char- 
acteristics of Balanced Voltage Digital Interface Circuits. The outputs 
are three-state structures which are forced to а high impedance state 


neue pelance ano when the appropriate output contro! pin reaches a logic zero condi- 


sy for worst case. 


aranteed output tion. Ali input pins are PNP buffered to minimize input loading for 
either logic one ог logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between 
power up and power down. А summary of MC3487 features include: 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Four Independent Driver Chains 
Three-State Outputs 
PNP High Impedance Inputs (PIA Compatible) 


Fast Propagation Times (Typ 15 ns) 
TTL Compatible 
Single 5 V Supply Voltage 


(0) | 
( 
| 


tO = 


P SUFFIX k 
PLASTIC PACKAGE 
Output Rise and Fall Times Less Than 20 ns CASE 648 


DS 3487 Second Source 


PIN CONNECTIONS 


Se mee o 


$ 
| 
| 
+5.0V | 


Input А 1 '" Voc 4 
Outputs at? ‘ed m y | | 
N916 or DRIVER BLOCK DIAGRAM А/В Control а јаки | Í 
Output Ји s C/D Control к! 
input ры d Outputs C 
Gnd 8 9 inputC 
Non-inverting 
f 
TRUTH TABLE ) 
Non-inverting " 
ем | За | маште | Sac 
H H H L 
| 
x L 2 z % 
L = Low Logic State | 


H * High Logic State 
X * Irrelevant 
Z = Third-State (High Impedance) 
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*ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 


Input Voltage 
Operating Ambient Temperature Range TA 


Operating Junction Temperature Range 
Ceramic Package 
Piastic Package 


Storage Temperature Range 


**Apsolute Maximum Ratings” are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The "Table of Electrical Characteristics" provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < ТА < 70°C. 
Typical values measured at УСС = 5.0 V, and TA = 250С.) 


nput Voltage — Low Logic State 
Input Voltage — High Logic State 


input Current — Low Logic State 
(Vj, = 0.5 V) 
Input Current — High Logic State 
{Мн = 27 VI 

(Vin = 5.5 VI 


Input Clamp Voltage Мк 
05-18 mA) 


Output Voltage — Low Logic State VoL 
ilo = 48 mA) 


Output Voltage — High Logic State VoH 
Пон = -20 mA) 
Output Short-Circuit Current 

(Vin = 20 м) 2 


Output Leakage Current — Hi-Z State 
(Vig = 0.5 V, ViL(z) = 0.8 V) 
(Ving = 2.7 V. ViL(Z) = 0.8 У) 
Output Leskage Current — Power OFF 


(мон = 6.0 V, Усс = OV) 
(VoL = -0.25 V, Усс = 0 VI 


Output Offset Voltage Difference! Vos- Vos | +04 | 
Output Differentia Volte 1 pee =] 
Output Differential Voltage Difference 1 Ут- Ут [104 | 


Power Supply Current 
(Control Pins = Gnd)3 
(Control Pins = 2.0 V) 


See EIA Specification RS-422 for exact test conditions. 
Only one output may be shorted at a time. 
. Circuit in three-state condition. 


ом 2 


SWITCHING CHARACTERISTICS (Voc = 50 V, TA = 25°C unless otherwise noted.) 


DA 


Propagation Delay Times 
High to Low Output 
Low to High Output 

Output Transition Times — Differential 
High to Low Output 


Low to High Output 


Propagation Delay — Control to Output 
(Ri = 200 2, C, = 50 pF) tPHZIE) 
(RL = 200 f, C, = 50 pF) TPLZ(E) 
(AL = со, CL = БОРЕ) 1PZHIE) 
IRL = 200 2, C, = 50 pF) | 1PZL(E) 
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Keyboard Encoder ЊЕ 
FEATURES +. 
9 One integrated circuit required for complete keyboard assembly PIN CONFIGURATION | 
= М key rollover or lock out operation 
= Quad mode operation { 
в Lock out/roliover selection under external contro! (option) 4 
® Self-contained or slave oscillator circuit $ 
9 10 output data bits available dH 
п Outputs directly compatible with TTL/DTL or MOS logic arrays Option (] 1 40 B. 
в Output data buffer register included 39 | i 
п Output enable provided (option) See next page 38 uM 
в External data complement contro! provided (option) 37 Т 
в Pulse or level data ready output signal provided (option) 36 { 
m "Any Key Down” output provided (option) Раја е 5) = i ! 
т Externally controlled delay network provided to eliminate the ea кешн н a Bé z 
effect of contact bounce s fme esr ied 3 
в Programmable coding with a single mask change Data Output 85 О m 
™ Static charge protection on all input and output terminals Data Output B4 О 96 3 
" Entire circuit protected by a layer of glass passivation Data Output B3 Г] 29 * | 
Data Output B2 Г] 28 
DESCRIPTION Date Output B1 
The General instrument AY-5-3600 is a Keyboard Encoder ? 
containing а 3600 bit Read Only Memory and all the logic 
necessary to encode single pole single throw keyboard closures : 
into a usable 10 bit code. Data, Any Key Down and Data Ready | 
outputs are directly compatible with TTL/DTL or MOS logic - 
arrays without the need for any special interface Components. ы 
Тһе АҮ-5-3600 is fabricated with MTNS technology and contains 
5000 P channel enhancement mode transistors on a'single 
monolithic chip. 
BLOCK DIAGRAM | 
"gi Tg y e Ty Tg v T А у 
- 
> 
$ 
у 
LOCKOUT/POLLOVER (OPTION) 
C" Ұзақ (OPTION) 2 
NOTE: метка тоға! FOR OPTION Pim SELECTION, £ + 
LIII эл) LU майы сих rago. : 7 
402130063 DCLAT/ сөе) RÈ SUPPLIED. INTERNALLY, b 
... CAMAS fom COMPLETE. aney ч 2 
& 
E. 
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CUSTOM CODING INFORMATION 


The custom coding information for General Instrument's AY-5- 
3600 Keyboard Encoder ROM should be transmitted to General 
Instrument in the form of 80 column punched cards. Each ROM 
pattern requires 92 cards (1titie card, 1 circuit option card and 90 
ROM pattern cards). (See Note 1) 

It it is not possible to supply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be а 


PIN OPTIONS 


Pins 6-40 of the AY-5-3600 are permanently assigned. The func- 
tlons assigned to pins 1-5 depend on which functional options are 
selected from the following: 


Extemal Clock 

—requires one package pin to input an external clock source. 

Internal Oscillator 

—requires three package pins interconnected with an external 
RC network to develop the clock required. 

Lockout/Rollover (LO/RO) 

—requires one package pin to externally select N-Key Lockout or 
N-Key Rollover. LO = +5V, RO= GND. 

Complement Control (CC) 

—requires one package pin to externally control the logic state of 
the data bits (B1-B10) and, if required, the Data Ready output. 


substantial savings in both the coding charge and turn-around 
time if punched cards were used. Upon receipt of the punched 


cards or the Truth Table, General Instrument will prepare a - 


computer-generated Truth Table which will be returned to the 
user for verification. 


NOTE 1: Card and Truth Table format available upon request. 


Chip Enable (CE) 4 

—requires one package pin to control the data bits (B1-B10) and, if 
required, the Data Ready and Any Key Output. 

Any Key Output (AKO) 

—requires one package pin to indicate a key depression. 
Output Data Bit 10 (B10) | 

—requires one package pin when ten data bits are required to 
encode each key. : 


Select the pin options desired: 

External Clock + 4 of the following functions 
OR : 

Internal Oscillator + 2 of the following functions 

LO/RO, CC, CE, AKO, BIO 


The following chart lists the pin assignments according to the functions selected above: 


External Clock 
External Clock 
External Clock 
Externa! Clock 
External Clock 


Internal Oscillator 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Von and Мос (with respect to Vec) .......... -20У to +0.3V 
Logic input voltages (with respect to Ус) ...... —20V to +0.3V 
Storage Temperature .............. – 65 С to +150% С 
Operating Temperature Range... . ........ 0°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts *0.5 Volts 

Voc = —12 Volts +1.0 Volts, Voo = GND 

(Vcc = Substrate Voltage) 

Operating Temperature (T4)— 0°C to +70°C 
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“Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


—— 


ELECTR 


Clock 


Logi 


Y inpu 
Trip 
Hyst 
Sele 


Unse 
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big 
mu 
ELECTRICAL CHARACTERISTICS [ “ 
Characteristics Conditions Dt | 
around |. 
псћед Clock Frequency See Block diagram footnote* TEM 
ppsre а ја for typical R-C values | ? 
B to t External Clock Width | | 
е Clock Input m: 
E " | 
quest. Data Input $. 
(Shift, Control, | ! | 
Complement Control, Њ 
Lockout/Rollover, $ 
Chip Enable q H 
& External Clock) 1. 
0) and, if Logic "0" Level У р | 
Logic "1" Level У D | 
Shift & Control Input | 
n. Current uA №, =+5у 5 | 
X Output (X,-X,} i 
ired to Logic "1" Output Current ҺА Морт = Vee (See Note 2) i 
pA Vout = Усс-1.3У " $ 
pA Vour = Vcc-2.0V ) 
ҺА Vout = Усс-5У TE 
pA Мол = Vec 10V 5 H 
Logic "0" Output Current BA Уот = Vee 4 
BA Vout = Vec~1.3V i 
pA Vout = Vcc-2.0V 
pA Vout = Мсс-5У 3 
uA Мол = Vcc- 10V i 
Y Input (Yo-Yo) р у 
Trip Level у Y Input Going Positive (See Note 2) 1 
Hysteresis у (See Note 1) i 
Selected Y Input Current BA Vin = Vcc i 
uA Vin = Vcc-1.3V 
uA Vin = Vec-2.0V | 
uA Vix = Усс-5У 
нА Vin = Vcc- 10V 
| Unselected Y Input Current BA Vix = Мес | 
` uA Vis = Усс-1.3У 
uA Vin = Vcc-2.0V | 
| Vix = Vcc-5V 
| Vis = Vcc- 10V 
Input Capacitance at OV (All Inputs) 
X-Y Precharge 
Characteristics V=Vee 
V = Усс-5 (See Note 2) 
Switch Characteristics 
Minimum Switch Closure See Timing Diagram 
Contact Closure ; 
Resistance 9: 
Strobe Delay $ 
Trip Level (Pin 31) "i 
Hysteresis (See Note 1) А i 
Quiescent Voltage (Pin 31) With Internal Switched Resistor ^ 
Data Output (B1-B10), 5% 
Any Key Down Output, У Зи 
Data Ready | ы 
Logic “0” у То, = .25mA 8 
То, = 1.6тА 1 n: 
Logic "1" Тон = .95mA | - 
Power d 
lec Vec = +5V 1 
loc р Мос = - 12V | 
"*Typicat vaiues are at +25" C and nominal voltages. $ 
МОТЕ 3 
I-Hysteresis is defined as the amount of return required to unlatch an input. А 


2.Precharge of X outputs and Y inputs occurs during each scanned clock cycie. 
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OPERATION 


The AY-5-3600 contains (see Block Diagram) а 3800 bit ROM, 9- 
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, а 90 bit memory to store the location of encoded keys 
for n key rollover operation, an externally controllable delay 
network for eliminating the effect of contact bounce, an output 
data buffer, and TTL/DTL/MOS compatible output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged 
into four 90-word by 10-bit groups. The appropriate levels on the 
Shift and Control inputs selects one of the four 90-word groups; 
the 90-individual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external 
inputs to the 10-bit comparator are wired to the keyboard to form 
an X-Y matrix with the 90-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM, thereby 
scanning the key switches for key closures. 

When a key is depressed, a single path is completed between one 
output of the 9-stage ring counter (XO thru X8) and one input of 
the 10-bit comparator (Үс-Ү;). After a number of clock cycles, а 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 
input from the 10-stage ring counter. 

N KEY ROLLOVER 

— When a match occurs, and the key has not been encoded, the 
switch bounce delay network is enabled. If the key is stil! de- 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


pressed at the end of the selected delay time, the code for the 
depressed key is transferred to the output data buffer, the data 
ready signal appears, a oneis stored In the encoded key memory 
and the scan sequence is resumed. If a match occurs at another 
key location, the sequence Is repeated thus encoding the next 
key. If the match occurs for an already encoded key, the match is 
not recognized. The code of the last key encoded remains in the 
output data buffer. 


N KEY LOCKOUT 

— When a match occurs, the delay network 13 enabled. If the key 
is still depressed at the end of the selected delay time, the code 
for the depressed key is transferred to the output data buffer, the 
data ready signal appears and the remaining keys are locked out 
by halting the scan sequence. The scan sequence is resumed 
upon key release. The output data buffer stores the code of the 
last key encoded. 


SPECIAL PATTERNS 

— Since the selected coding of each key and all the options are 
defined during the manufacture of the chip, the coding and 
options can be changed to fit any particular application of the 
keyboard. Up to 360 codes of up to 10 bits can be programmed 
into the AY-5-3600 ROM covering most popular codes such as 
ASCII, EBCDIC, Selectric, etc., as well as many specialized 
codes. The ASCI! code in conjunction with internal oscillator, 10 
data outputs and any key down output, is available as a standard 
pattern (See Figure 2). 


SWITCH 
RELEASE 


MINIMUM SWITCH CLOSURE 
90 CLOCK CYCLES 


SWITCH E — 
BOUNCE DELAY 


KEY 
CLOSURE OUR | 
g ES CLOCK „. 
CYCLES , 


DATA READY 
STROBE 


DATA 
OUTPUT 


ANY KEY 
WN 
OUTPUT 


n KEY 
ROLLOVER 


RESETS AT FiRST Xo Yo 
AFTER FIRST Xi Yı 


RESUME SCAN FOR -—* 


n KEY ROLLOVER | 


RESUME SCAN FOR 
n KEY LOCKOUT 


MINIMUM SWITCH CLOSURE * SWITCH BOUNCE + (90x) + STROBE DELAY + STROBE WIDTH 


MAXIMUM 
EXPECTED 


| DETERMINED BY 
' EXTERNAL С 
MINIMUM TIME 
REQUIREO BY 
EXTERNAL 
(EXTERNAL RC) CIRCUITRY 


DETERMINED 
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OPTIONS P 


€ Device Ma 
Internal О 
Any Key C 
Any Key ¢ 
Output Da 
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Note 1. Bim ! to 6 and bit ot the АҮ-8-3600 correspond to bits 1 то 7 of ASC И. 
` 
Моле 2. Cose 000001! and 0011111 are not present in the standard AY -5-3600 pattern. 


Fig.2 STANDARD AY-5-3600 CODE ASSIGNMENTS ASCII CODE 


OPTIONS PROVIDED WITH STANDARD ENCODER 


= Device Marking: AY-5-3600 

= Internal Oscillator on Pin Nos. 1, 2, 3 

8 Any Key Output on Pin No. 4 

= Any Key Output True (Logic 1) During Key Depression 
© Output Data Bit B10 on Pin Мо. 5 


N-Key Rollover Only 

True Outputs Only 

Pulse Data Ready Signal 

Internal Resistor to Voo on Shift/Control Pin 
Plastic Package 
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AY-5-3600 


Voc Fig.3 Mss 
Hør 
KEY RD > ЕУ INTERNAT Ц 
INPUT GATING TO KEYBOARD 
пи c || counte T 
chance Yoo N sate, 


‘es 
v, COUNTER 
DEVICE се INPUT 
"Y" INPUT STAGE FROM KEYBOARD “сс 
"X" OUTPUT STAGE ТО KEYBOARD 
OUTPUT . 
Vec | 


PROTECTION 
DEVICE 


INPUT 


DEVICE 
cc cc 


OUTPUT DRIVER 


NOTE: Output driver capable of driving one TTL load with no 
external resistor. . 

Capable of driving two TTL loads using an external 6.8K 0 resis- 
tor to Ма. 


TYPICAL CHARACTERISTIC CURVES 


CAPACITANCE (uF) 


CAPACITANCE (pF! 


FREQUENCY (KHZ) 


Delay (mS) 
Fig.4 STROBE DELAY vs. C, Fig.5 OSCILLATOR FREQUENCY vs. C; 
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NOMINAL SUPPLY VOLTAGE 


Veg 5-12У 
Vor " GND 


Ro ion) OHMS 
TYP POWER mW 


зо 25 го 5 0 5 
Vos VOLTS 


Fig.6 TYPICAL OUTPUT ON RESISTANCE 
(Roon) vs. GATE BIAS VOLTAGE (Vas) 


o 10 20 30 40 50 60 70 
TEMPERATURE °C 


Fig.7 TYPICAL POWER CONSUMPTION (mW) 


The 
proj 
fielc 
qua 
(Ere 
prot 
EPF 
аду 
пес 
sub! 


National 
Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


'LM122/LM222/LM322, LM2905/LM8905 Precision Timers 


“General Description 


"The LM122 series are precision timers that offer 
_ great versatility with high accuracy. They operate 
— with unregulated supplies from 4.5V to 40V while 


different applications with a minimum of external 
ponents. 


output of the timer is a floating transistor 

built in current limiting. It can drive either 

ground referred or supply referred loads up to 40V 

d 50 mA. The floating nature of this output 

akes it ideal for interfacing, lamp or relay driv- 

ing, and signal conditioning where an open col- 

_ lector or emitter is required. A “logic reverse” cir- 

"tuit can be programmed by the user to make the 

| €Gutput transistor either “оп” or “off” during the 
| timing period. 


The trigger input to the LM122 series has a thresh- 

old of 1.6V independent of supply voltage, but it 

в fully protected against inputs as high as +40V —. 

even when using a 5V supply. The circuitry reacts 
; Only to the rising edge of the trigger signal, and is 
“immune. to any trigger voltage during the timing 
3 Periods. g i 


_ Ай internal -3.15V regulator is included in the 
- timer to reject supply voltage changes and to pro- 
"Wide the user with a convenient reference for appli- 
Cations other than a basic timer. External loads up 
| © 5 mA can be driven by the regulator. An inter- 
^ai 2V divider between the reference and ground 
“Mts the timing period to 1 RC. The timing period 
tan be voltage controlled by driving this divider 


- Typical Applications 


with an external source through the Мдрј pin. 


Timing ratios of 50:1 can be easily achieved. 


The comparator used in the LM122 utilizes high 


* gain PNP input transistors to achieve 300 pA typi- 


cal input bias current over a common mode range 


[он OV to 3V. A boost terminal allows the user to` 


‘increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper- 
ate over a 3us to multi-hour timing range with 
excellent repeatability. 


The LM122 operates over a temperature range of 
-55°C to +125°С. An electrically identical LM222 
is specified from —25^C to +85°C, and the LM322 
is specified from O^C to +70°C. The LM2905/ 
LM3905 are identical to the LM122 series except 
that thé boost and Vapy pin options are not 
available, limiting minimum timing period to 1 ms. 


Features 


@ Immune to changes in trigger voltage during 
timing interval 


m Timing periods from microseconds to hours 
в Internal lógic reversal ` 


= immune to power supply ripple during the 
timing interval 


Operates from 4.5V to 40V supplies 

т Input protected to *40V 

a Floating transistor output with internal current 
limiting 

" Internal regulated reference 

ы Timing period can'be voltage controlled 
TTL compatible input and output 


One Hour Timer with Reset and Manual Cycle End 


‘CCEIN TICZZIN CLINT 
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Absolute Maximum Ratings 


Power Dissipation 

V* Voltage 

Collector Output Voltage 
Vaer Current ^ 

Trigger Voltage 

Марм Voltage (Forced) — , 
Logic Reverse Voltage 


Output Short Circuit Duration (Note 1) 
Lead Temperature (Soldering, 10 sec} 


Electrical Characteristics (мог 2) 


` 
PARAMETER 


Timing Ratio 
Comparator Input Current 


Trigger Voltage 
Trigger Current 
Supply Current 
Timing Ratio 


Comparator Input Current 


Trigger Voltage 

Trigger Current 

Output Leakage Current 
Capacitor Saturation Voltage 


Reset Resistance 
Reference Voltage 


Reference Regulation 
Collector Saturation Voltage 
Emitter Saturation Voltage 
Average Temperature 


Coefficient of Timing Ratio 
Minimum Trigger Width 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures up to 40°C тау be calculated 


ТА = 25°С, 4.5V < V* < 40V 
Boost Tied to V*, (Note 3) 


TA = 25°С, 4.5V < VÝ < 40V 
Boost Tied to V* 


ТА = 25°С, 4.5V < V* < 40V 
ТА = 25°C, VTRIG = 2V 
TA >25°С, 4.5V < V* < 40V 


4.5V < V* < 40V 
Boost Tied to V* 


4.5V < V* < 40У 

Boost Tied to V*, (Note 4) 
АБУ € V* < 40V 

VTRIG = 2.5V 

МСЕ = 40V 

REMO 

В; = 10 КО 


ТА = 25°C 


9<louTS3mA 
4.5V € V* < 40V 


iL=8mA 
ц = 50 тА 


ТА = 25°С, || = ЗтА 
ТА = 25°С, || = 50 тА 


1 


VTRIG = ЗУ 


e 


Operating Teram: Range ` 
1М122500: 
LM222 
LM322 
LM2905 ~ 
LM3905 


те LM122/LM222 ^ | — 132 | 
5-3 


0.632 0.644 | 
0.632 0.644 


0.3 1.5 
30 


1.6 
25 


Vcg seconds, where Vc is the collector to emitter voltage across the output transistor during the short. 
Note 2: These specifications apply for TAMIN < TA < ТАМАХ unless otherwise.noted. 


Note 3: Output pulse width can be calculated from the following equation: t = (А, ИС И -— 2(0.632 — г) — УСУВЕР) where r is te 
and Мс is capacitor saturation voltage. This reduces to t = (В) (Су) for ай but the most critical applications. 


Note 4: Sign reversal may occur at high temperatures {> 100°C) where comparator input current is predominately leakage. See 


Comparator Bias Current 


COMPARATOR INPUT VOLTAGE (V) 


Typical Performance Characteristics 


Comparator Bias Current 


BIAS CURRENT (ла) 


COMPARATOR INPUT VOLTAGE (V) 
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МИ Десе 


Short Out 
(LM122/L 


Comperator Bias с 


LOGIC PIN 
пе о 


© MODEL 40J/K 


Doge ge 


* GENERAL PURPOSE L 
SB SPECIFICATIONS (typical @ 25°C and £15VDC unless otherwise noted) ` 


y 


WCOST FET OP-AMP- 


OPEN LOOP 
FREQUENCY RESPONSE 


e MODEL | 0 40! 40K 
" OPEN LOOP GAIN 
б dc rated load, тіп 5x10* 
бс 10k load 2х105 
RATED OUTPUT } 
Voltage, min +10V У 5 
Current, min *5mA е 5 
Load capacitance range 0.005uF , 3 
FREQUENCY RESPONSE 5 
Unity gain, small signal 4MHz е 
Full power response, min 100kHz ы 
Siewing rate, min 6V /usec á 
Overload recovery 4usec қ 
INPUT OFFSET VOLTAGE 104 107 109 10! 102 10? 10% 105 10" 107 
External trim pot 1kQ? * FREQUENCY-HERTZ 
Initial offset, 25°C +2т\ (500 trim) ? 
Ауд. vs. temp (+10° то +60°C) max +50uV/°C? +20uV/°C 
vs. 4 ума Наде +50uV/% M OUTLINE DIMENSIONS 
vs. time +250uV /month i [cce == | 
INPUT BIAS CURRENT T 
Input bias, 25^C, max (0,-) 50pA (0,-) 20pA 0.5 | MODEL 40J/K 
Avg. vs. temp doubles every+10°C * 1 
vs. supply voltage +1 pA/% * | | 
INPUT DIFFERENCE CURRENT E 
Initial difference, 25°C +25pA +10pA | 040 DIA 
Avg. vs. temp doublesevery+10°C  * 0320, MIN Qs Mr 
INPUT IMPED ANCE е7 
б Differential 10:10 1 3.5pF , E 
Common mode 10:10 | 3.5pF ч ai - 
^ (EXT. 
ғ INPUT NOISE 10 i?! POT. 
Voltage, 0.01 to 1Hz, p-p бим " ‚ IKA 
5 to 50kHz, rms 3uV T 
Current, 0.01 to 1Hz, p-p 0.1pA т ЧИ: 
INPUT VOLTAGE RANGE у BOTTOM VIEW = h- ол GRID 
ss, ag oe voltage, min 48. -10V *Note: Common PRY И пот пес- 
еггог y essary within the amplifier. 
Common mode rejection? @+8, -10V 80dB Ve kternal variable resistor is used to zero the 
Max. safe differential voltage +15V amplifier. Fixed 500-ohm resistor gives 
3 E nominal zero (+ 2 myI noren ror desired, 
t TRIM to +М.. I eft open, 
ee d specification £15V ж niti регате. but with considerable offset. 
V oltage, derated specification +(12 to 18)V x MATING SOCKET 
Current, quiescent 5.5mA hd AC 1003 
TEMPERATURE RANGE PRICE ( 1-9) $2.75 
R ated performance +10° to +60 С. 2 O.140DIA. 
Operating -25° to +85°C » 
Storage -55° to +125°C 
MECHANICAL 
Case style - pin configuration M-2 > 
Mating socket AC 1003 
Weight 0.52 oz. 
PRICE 
1-9 $12.00 $19.00 
10-24 $11.80 $17.10 


ff *Specifications same as for Model 40J. 
1 Analog Devices part no. 79PR 1K $3.00 (1-9) 

2 CMRR of 74dB min © +10V, specify model 40JV , 53,00 additional (1-24) А 
"m 3 Same specification available -25°C to +85°C. Consult factory or your nearest Y 


тан TT -— 
0. wem SOLDER LUG 


г 0.093 REF. 


Analog representative about Model 40А . 
Specifications subject to change without notice. Я 


FEATU RES 


e Switches Analog Signals up to 20 Volts Peak-to- 

peak 

„ Each Channel Complete — Interfaces with Most 
integrated Logic 

switching Speeds Less than 0.5,s 

ОР Less than 500рА Typical at 70°С 

ЕНесНУе газом) — 59 to 500 

Commercial and Military Temperature Range 

Operation 


| | | < 
22 
о 
" L3 
JF 
~ 


а ee | 
s 


PIN CONNECTIONS 
1H5009 (гром) 5 1000) / ouruwE 
1H5010 (roson) = 1500) (205855) 
14 PIN DIP 


ІН5012 (roson) s 1500) 


1H5011 (roson) s 1000) (за 
16 РІМ ПІР 


ІН5009 — ІН5024 
Virtual Ground 
Analog Switches 


GENERAL DESCRIPTION 


The IH5009 series of analog switches were designed to fill 
the need for an easy-to-use, inexpensive switch for both In- 
dustrial and military applications. Although low cost із а 
primary design objective, performance and versatility have 
not been sacrificed. 


Each package contains up to four channels of analog 
gating and is designed to eliminate the need for an exter- 
nal driver. The odd numbered devices are designed to be 
driven directly from T?L open collector logic (15 volts) 
while the even numberéd devices are driven directly from 
low level T2L logic (5 volts). Each channel simulates a 
SPDT switch. SPST switch action is obtained by leaving 
the diode cathode unconnected; for SPDT action, the 
cathode should be grounded (OV). The parts are intended 
for high performance multipiexing and commutating 
usage. A logic “0” turns the channel! ON and a logic "1" 
turns the channel OFF. 


1H5013 (roson) < 1000) /оитиме 
DWGS 1H5014 (r, 51500) ~| 0%95 

D E DS(ON) 00, PE, ЈЕ 
њи 14 PIN DIP = 


| 
| 
| 
І 
| 
р 
H 


| 
1 
| 
| 
5 
' 
1Н5015 (гром) = 1000) / бит ше) 


Vine 1H5016 (r, 51500) | Ом05 
DS(ON) 
16 PIN DIP рта 


1H5021 (fosion) = 1000) ( OUTLINE ) 


1H5022 (гром) = 1500) Dyas 
8 PIN DIP ркт. 


ба 
Mote: Numbers in brackets refer to CERDIP packages.) 


1H5018 (roson) = 1500) 


1H5017 (roson) = 1000) (эш) 
8 PIN ПІР 


1H5019 (графом 5 1000) / our we 
ІН5020 (говом = 1500) {PWS 


00, РА. 
Pm 8 PIN DIP 


1H5024 (roson) < 1500) ( 005 


1H5023 (озом) = 1000) ЕЗ 
8 PIN DIP NT 


=> 


је apr RM 
б = р " 
< | Xe KY ~ 
чи 
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#5009 — ІН5024 INTERSIL 


ABSOLUTE MAXIMUM RATINGS Operating Temperature 

5009C Series. ........... peu S 2... 07010 +70% 
Positive Analog Signa! УоЙаде..........-...-.------ 30V .5009М Series........ hM UMOR —55*C to + 125% 
Negative Analog Signal УоЙаб................... 7 15У Lead Temperature (Soldering, 10 sec) ...... прате 300 
Diode Сшгепі..................--. ————M ... ТОПА 
Power Dissipation (Чоһе)..........-.------ Бри Ж 500туу NOTE: Dissipation rating assumes device is mounted with all leads мею; 1 
Storage Temperature ................ 7 65*C to + 150°C ог soldered to printed circuit board in ambient temperature bely 
Lead Temperature (Soldering, 10 sec) ..... — . 300°C 75°C. For higher temperature. derate at rate of 5mW/"C. 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These аг 
stress ratings only, and functional operation of the device at these or any other conditions above those Indicated in the 
operational sections of the specifications 13 not implied. Exposure 
periods may affect device reliability. 


TEST 


ELECTRICAL CHARACTERISTICS (per channel) 
CONDITIONS 


Б ess ка 
(Note 2) 


| умом) — [input Current ON Vin = OV, Ip 2 2mA 
[igor |'nput Current- OFF Vin = + 4.5, Уд = = 10V 
[worn [input Cumont OFF. | 15V Logic Ckts| Viy = + 11V, Va = = 10V 
умом) _[ Channel Сотто! Voltage-ON | SV Logic Ckts| Soe Figure 5, Note 3 
Тимом [Gnanne Cono VorageON | 15v Logi Са] Ses мт 8, Nee 
амони |cramei Como опире ОРЕ | v Logie ска Sen Кт Non 
[open team Covert Orr —— [ Sv tale os 

oorr | 


оо 
Leakage Current-OFF 
СЕ Leakage Current-ON 15V Logic С 


Мун =0У. 15 = 1тА 


Vin = OV, Ig = 2тА 


SV Loge Ов 


Пр ому __| Leakage Current-ON 


градом) | Drain-Source ON-Resistance 


15V Logic Сиз| Vi = OV, 15 = 2mA 


Бу Logic Ckts| Ip. 2mA, Vin = 05V 


Drain-Source ON-Resistance | 15V Logic Ckts| Ip = 2тА, Мум = 1.5V 


'DS(ON) 


See Figures 3A 4 
See Figures 3 & 4 


Turn-ON Time 
Turn-OFF Time - 


NOTE 1: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given tesi. 
NOTE 2: Refer to Figure 2 for definition of terms. 
NOTE 3: Vinon and Vier, аге test conditions guaranteed by the tests of respectively tosiom ап lorry 


NOTE 4: “SV Logic CKTS” applies to even-numbered devices. 
“45V Logic CKTS" applies to odd-numbered devices. 


ORDERING INFORMATION 


PA — &PIN PLASTIC DIP 
PD — 14-PIN PLASTIC DIP 


м DE 
PE — 16-PIN PLASTIC DIP 
DD — 14-PIN CERAMIC DIP (Special Order Only) 
РАСКАВЕ—| DE — 16-PIN CERAMIC DIP (Speclel Order Only) 


IH50XX 


JD — 14-РІМ CERDIP 


L JE — 16-PIN CERDIP JD.DD,PA 
— TEMPERATURE RANGE viti s “JD.DD,PA 
M = MILITARY (—55°C to +125°C) 
С = COMMERCIAL (0°C to +70°C) | жонға | 


| BASIC PART NUMBER ЈЕ,ОЕ,РА 
' 
JD,DD,PA 


ceramic packages only 


to absolute maximum rating conditions for extendeq 


ІН5009 — 
TYPICAL ELE 


LEAKAGE CURRENT - ON ipai 


$ 05 10 15 
e 1, - SOURCE CURR! 


Rosion, VS. TEMPERAT 
(NORMALIZED TO 25 C 


~ 


MORMALUTO TO 29 C 
E 


СКЕ 
o 
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o 
Ld 


TEMPERATURE || 


DEVICE SCHE? 


1H5099 (гос см. = 
195010 (овом, = 
14 РМ DIP 
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. 
е 
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i 
Е: 
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1H5017 (rgs.o, 
ІН5018 (грбом 
B PIN DIR 


ГОО O*Cto + 


се with all leads 
lent temperature 
te of 5mwi*C. 


ge to the device. These > 


bove those indicated in 
ing conditions for exten 
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JD,OD,PD 
JD.DD,PD 
JE,DE,PE 


+5 
+15 


+15 

+5 JD,DD,PD 
+15 JE,DE,PE 
+ 5 
+15 JD,DD,PA 
+5 JD,DD,PA 
415 JE,DE,PA 
+5 JE,DE,PA 
415 JD,DD,PA 


JD,DD,PA 


ET. 


x 5009 — 195024 INTERSIL 


CAL ELECTRICAL CHARACTERISTICS (per channel) 


ПОРЕ) VS. TEMPERATURE 
IptoN) VS. TEMPERATURE o 


10 Юм) - LEAKAGE CURRENT - ON (pA) 
10 (OFF) ~ LEAKAGE CURRENT - OFF (pA) 


E 
m 


rj 
H ЈА _ SOURCE CURRENT (та) MPERATURE (^C) TEMPERATURE (°C) 


{ CROSSTALK.MEASUREMENT CIRCUIT 


% OF FREQUENCY 10 ко 


в, М5 TEMPERATURE 


(NORMALIZED TO 25 С VALUE) 


~ 
£ 
ааай { 
5 ZEE х қ 
4 5 
а Ни ааа : . 
»* 1.4 10k Rosion) = 
poo ye ] 
i i с = 
$. 2 » 
t 35 50 7% 10 70 100 1K зок зоок 1M т = 
TEMPERATURE ( C! FREQUENCY (Ha) %5У 15010 ETC) 
^ + 15V (5009 ETC) 


DEVICE SCHEMATICS AND PIN CONNECTIONS 


FOUR CHANNEL THREE CHANNEL 


1H5013 (fosron = 1009) 
1H5014 (foson = 1500) 
14 PIN DIP 


1H5009 (fosion, = 1000) 
1H5010 (гром) = 1500) 
14 PIN DIP 


1H5011 (foson; = 1000) 
1H5012 (грбом) = 1500) 
16 PIN DIP 


1H5015 (roston = 1000) 
1H5016 (Гром < 1509) 
16 PIN DIP 


TWO CHANNEL SINGLE CHANNEL 


1H5023 (fosion = 1000) 
195024 (roson) = 1500) 
8 PIN DIP 


1H5017 (roson; = 1000) 
1H5018 (графом) = 1509) 
8 PIN DIP 


1H5019 (roson) = 1000) 
1H5020 (roson < 1500) 
8 PIN DIP 


1H5021 (rpsioy = 1000) 
1H5022 (fosion = 1500) 
8 PIN DIP 


Sed pp 


INTERSIL ШЕСІ ІН5040-ІН5051 Family | "n 
| High Level CMOS | 


CAFS Analog Gates 


FEATURES | - GENERAL DESCRIPTION ~ 


e Switches Greater Than 20Vpp Signals With +15V Supplies The 1H5040 family of solid state analog gates are designed 
Quiescent Current Less Than 1pA using an improved, high voltage CMOS monolithic tech- 
Overvoltage Protection to +25V nology. These devices provide ease-of-use and perform 
У -Mak itchi 0 ance advantages not previously available from solid State 
Че жй Make Switching Тоң 200 nsec, ton 300 nsec switches. This improved CMOS technology provides input 
ка ur DTL, CMOS, PMOS Compatible overvoltage capability to +25 volts without damage to the 
р С i device, and destructive latch-up of solid state analog gates 

- hing With ly Turn- , 
Мол канона рие Тюгл-ОН has been eliminated. Early CMOS gates were destroyed when 
. | power supplies were removed with an input signal present. 
New DPDT & 4PST Configurations The 1H5040 CMOS technology has eliminated this serious 
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Complete Monolithic Construction systems problem. . | 
1H5040 through 1H5047 Ы Key performance advantages of the 5040 series are TTL 
compatibility and ultra low-power operation. The quies- Ё 
FUNCTIONAL DIAGRAM cent current requirement is less than 14А. Also designed 

29 into the 5040 is guaranteed Break-Before-Make switching, } 
which is accomplished by extending the to, time (300 nsec i 
TYP.) so that it exceeds tor time (200 nsec TYP.). This | 
insures that an ON channel will be turned OFF before ап ІШЕ 
OFF channel can turn ON. This eliminates the need for ех- $ 
ternal logic required to avoid channel to channel shorting 
during switching. 
Many of the 5040 series improve upon and are pin-for-pin 
and electrical replacements for other solid state switches. 

| 


= TAL INPUT | 


та. 
| OuTPuT 


FUNCTIONAL DESCRIPTION 


PIN/FUNCTIONAL | 
INTERSIL · EQUIVALENT 


PART NO. TYPE "DS{on) (Note 1) 


ІН5040 SPST 750 
ІН5041 Dual SPST 762 
1H5042 SPDT 759 ' DG 188AA/BA 
1H5043 Dual SPDT 750 DG 191AP/BP 
1H5044 DPST 750 
1H5045 Duat DPST 250 DG 185AP/BP 
1H5046 DPDT 759 
195047 4PST 750 
1H5048 Dual SPST 350 


. 1H5049 Dual DPST 35n G 184AP/BP 
FIGURE 1. TYPICAL DRIVER, GATE — 195042 1H5050 SPOT 352 ге алии 


1Н5051 Dual | SPDT 352 DG 190AP/BP 


LADDER 
VOLTAGE 


БИРИ" 


DT to Drive’ | 
itching (up to = 10У) | 
ORDERING INFORMATION 


| ' NOTE 1. See Switching State diagrams for applicable package 
equivalency. 

P А ^ А еда ; 
DE Тен Ceramic DIP (Special Order Only) Pin and functional equivalent monolithic versions of the DG181, 
FE — 16-Pin Flatpak 06182, 06187 and 06188 are available. See data sheet for } 
JE — 16-Ріп CERDIP this and also 18181 to 18191. ? 

PE — 16-Pin Plastic DIP 

ту ТО-99 Мета! Can (1H5041/2, 145044, 

1H5048, IH5050 Only) 


* Temperature Range 
M — Military -55°C to +125°C 
C – Commercial 0°С to +70°C 


E o Soldi р. o> 


Basic Part Number 


ІН5040-ІН5051 Family INTERS 


| ABSOLUTE MAXIMUM RATINGS dius 5 

1 Current (Any Terminal) ................. <30тА \+- Vp «o i 
Storage Temperature ............. -65°C to £150 C Vp-V7 « 30v | 

kt Operating Temperature ........... -55°C to +125°С Vp-Vs « 122y 
Power Dissipation .................. 2... 450mW VL-V7 < 33y 
(All Leads Soldered to a P.C. Board) VL-VIN «30v. 
Derate 6mW/^C Above 70°C VL-GND < 20у 
Lead Temperature (Soldering, 10 sec).......... 300°C Vin-GND «20V. 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stres 
ratings only, and functional operation of the device at these or any other conditions above those indicated in the operational | 
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect | 
device reliability. 


ELECTRICAL CHARACTERISTICS (© 25°С, vt = 415v, V7 = -15V, VL = +5 V) 


TEST CONDITIONS 


UNIONI Input Logic Current |. Viu 724 V. Note 1 | | 
Ноге) | "neut Lome Current Vin 708 V. Note T | | 
| - 
грб(оп) | Oren—Source On 75135) | 7535) 130 (451 (195048 Thru 1H5051) 15 = 1тА, i | t 
Resistance VANALOG "710 V 1o nov | й 
Arpston) | Channel to Channel 2505) 2515) 30115) (195048 thru IH50511 | Е 
Арам Match А Ig (Each Channel) = 1 mA, : 
| i VaNALOG | Min. Analog Signal 219(270) | 2116100 | 211010) { 210610) | 2106010) | (10010) 15 = 10 тА (1H5048 thru 1H5051) 
L| Handling Capability E 1 
2 n ы 1 
|. НОЕ Е) Switch OFF Leakage | ° 111) ИШ 10011001 545) 505) 1001100! VANALOG = -10 10 #10 У | 
|. Current (H5048 thru ЕН5051 | 
IDON) Switch On Leakage 0 20) 2001200) 10110) 10410) | 1000200) Мо + Ма“ -10V io + 10V 
"шом. | Current - (195048 thru 15051) 
on Smich "ON" Time 5001250! 5001300) BL * il VawaLOG * 70V | 
| по +10 V See Fig А i 
! он Switch "OFF" Time 2500150) 2500160) Я, еки, Vanarog* 10У 
| по 110 У See Fig А 
(1H5048 thru #5051) 
Charge Injection 15 10 20 «0! See Fig B H 
' 
сш їїн504В thiu 1H5051) « 
OIRA Мп. Off Isolation fe 1 MHe, Ry © 1001. С, ~ 5pF 
5 Rejection Ratio See Ею. С 
"а * Power Supply | E 
+ Quiescent Current E 
га ~ Power Supply vie +15 М. у 2415 V VL S +5 М | $ 
Quiescent Current МУ Н e 
Го +5 У Supply Switch Duty Cycle < 10% 1 > 
Quiescent Current à | 
1 Gnd Supply 
GND Quiescent Current 
CCRR Min. Channel to Оле Channel ОН, Any Other 
Channel Cros Channel Switches as per Fig, Е i 
Coupling Rejection 4 
Ratio | 
L POWER SUPPL 
* IG. FIG. В FIG. C 
f RGA | v$ LOGIC 
ANALOG INPUT і 4 1000 
ANALOG INPUT = 
] = > 
= : ~ ч i = 
T н t 
LOGIC INPUT ' MET"! 
[> —[2-P-- INOTE 1i "S Е 
| T TA 5 
x LOGIC LOGIC = c 
INPUT Vout INPUT | Your ~ 
зоғ “п 10 жо А | ею 
Г T | | Е 
= = - | БЫ 
- Hi 
f | i. 
ive NOTE 1: Some channels are turned on by high "1" logic inputs and other channels are turned on by low "0" inputs; however 0.8У to 24V a 
әз describes the min, range for switching properly. Refer to logic diagrams 10 see absolute value of logic input required to product (р АН 
` "ON" or “OFF” state. Е 4 | 


3-104 | | 


|Н5040-1Н5051 Family INTERSIL 
SWITCHING STATE DIAGRAMS 


SWITCH STATES (OUTLINE DWG (OUTLINE DWGS 
ARE FOR LOGIC "1" INPUT FE-2) DE, JE, PE} {OUTLINE DWG TO-100) 


5Р5Т 
15040 (DS(on) < 752) 


DUAL SPST 
1H5041 (грб(оп) < 750) 


А = L SPDT 
Ed 1H5042 (rps(on) < 752) 
STAOSE 
р 12, 3 
LOGIC $ 
STAROBE ! 4 
3. 
(DG191 EQUIVALENT) 54 
DUAL SPDT EVE E | 


1H5043 (грб(оп) < 750) 


(—————— — —— ae Y 


| 1 
LONA 1H5044 (rps(on) < 750) 
OUTPUT 
| 
DUAL DPST 


1H5045 (грб(оп) < 750) 


$. = TIE: 
>. ж- Tuve 


Bene + te, E 


HIGH РЕЗО 
ANALOG COMPAR AT UG 


DESCRIPTION 


The 526 is a high speed analog comparator intended for use in systems where 
low propagation delay and fast recovery from common mode or differential 
input overdrive is required. The device is specifically designed to provide a wide 
input common mode range while operating from power supplies commonly 
found in digital logic systems. 


" The 526 consists of a medium gain, high frequency differential amplifier and a 


high speed TTL gate fabricated within a single substrate by planer and epitaxial 
techniques. The output gate of the 526 has voltage and current capabilities com- 
patible with DCL, OTL and TTL. The 526 output gate has a full fan-out of 10 to 
standard TTL loads. 


The amplifier and gate may be used independently or cascaded for applications 
as a voltage comparator, digital line receiver or sense amplifier. The second gate 
input is used to provide strobe capability when operating the amplifier and gate 
in cascade. Additional applications information can be found under "Usage іп- 
formation" in this data sheet. 


FEATURES 
а PROPAGATION DELAY - 30ns 
* INPUT COMMON MODE RANGE - +4.5V 
| -3.5V 
LI DIFFERENTIAL OVERDRIVE RECOVERY - 20ns 


в OUTPUT COMPATIBLE WITH STANDARD LOGIC FORMS 
& OPERATES FROM STANDARD 15V SUPPLIES 


PIN CONF'URATIONS 
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* INVERTING AND NON-INVERTING INPUTS ARE 
DEF INED RELATIVE ТО AMPLIKF KR. OUTPUT, to 
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SIGNETICS MONOLITHIC LINEAR CIRCUITS 


воть @ 


Oa. ЕЕГ. - 
` M базеб Pate Body 
С === Unt. 


geog аб м eed 


© il gn raon e 


Peers. 


© rend vica tre 


ъ «oF е 0, = 


ја 
ем”. 


$B Loud: мола ва регрес |у 

б. Pp 928 ате pee ore. 

С) M Gerace бі paste package 
С—- А Ко У 


С PACKAGE (TO-81) 
QUXIRARGUSSEDUE) C 


8372533 


[ =) 2 52717.05 СОЗҢЛАТЫН - £11 EAST гул AYEXUE, SUKNTY/SE, CALIFORNIA MESS + TEL: (402) 739-7700 + THA (210) 339 9279 


MEL IR 


| 
| 
i 


RECOMMENDED OPERATING SUPPLY VOLTAGES: Vr z V3 =5.0V, V^. 50V 


ABSOLUTE MAXIMUM RATINGS" 


SUPPLY VOLTAGE t7.0V STORAGE TEMPERATURE -65°C to +150°С 

GATE INPUT VOLTAGE +6.0V OPERATING TEMPERATURE 

DIFFERENTIAL INPUT VOLTAGE +5.0V SE526 -55°C 10 +125°C 

COMMON MODE INPUT VOLTAGE '15.0V = NE526 ФС to +75°С 
· САТЕ OUTPUT CURRENT t100mA 

" Abeolute Maximum Ratings эге limiting value above which serviceability may be Impaired 

ELECTRICAL CHARACTERISTICS (NOTES 1. 2. 3. 4. 13, 14) - STANDARD GU^ DITIONS ер" Vo -50v, V = -505 


LIMITS 


CHARACTERISTIC SYMBOL 


—— - —— — — а 
Vo i mv | | Figure 1 
Vio 50 i mV . +25°С i+25°C | Figure 1 | 
Vio 50 ту | „12672 |+75°С Бура 
Input Biss Current lin 25.0 | uA | -65С! (С ! Figure 2 
ба 35.0 ГРА: +25°С |+2s"c | Figure 2 
lin 35.0 ! uA | *125°С [{+75°С | Риге 2 
input Offet Current tio 50 j ma | вс] vc | ғәт2 | 
lo 50 $ ua | +25°С (425°C ' Figure? | 
. lio БО па '+125°С 75°С | Figure 2 . 
Input Common Mode Range Vem QV Pesci (С, Fd i 
| ac COM i 425°C j29'C ; Figure 1 : 
Von гм }+125°С01+75°С : Figure 1 
Ven iv -55°С| @С ^ Ра, 
Vem | У 425°C [*25°С 20 Figured! 
Ves ра (912520 |*75°С | Бел | 
Ampiifier Output Voltage Vohi | v desc] (С! fewa3 | 
- Vohi | У +25°С |+25°С | Fre 3 Н 
Vohi POVOOQ*12'CQOS'C г Figure З 5 
Volo оз | v | -s9c| ofc Figure 3. - 
| Volo os j V | 425°C 9C ! Без C 
Volo 04 | v nen 1+75°С Fue 3 i 
Ampitier Power Consumption E^ 120 ! mw | -55°C! 0С | Fige |. 
Ра 120 | mW , 425°C |429C | Figure | 
Pi 120 mW | +125°С 1+75°С i Figure 4 
Gate Output Voltage ДА | v i -55°с | ос : Figure 5 
У. i v | +25°С 1+25°С i Figure 5 4 
AN | v 4125°¢ SC : Figues cC 
vo 04 | v i -s&c: ОС! figues . 
vo, 04, V | 425°C SC | Figues . 
vo, ол V | {75°С i Figure БОО 
Gate Output Sink Current 10o HA 428°C 5С i Figure 5 р 
Сме Output Source Current 110 тА ! *25°с | *25°С : Fur 5 | 
Сале Input Threshold Voltage ; v! -ss'c | ос | Figure 500! 
: ГУ | 425°C +290 | Figure 5 
| Я Бом о р 91250 '+750 1 Figure 5S: 
ој У 3 -590. GC | Figues ' 
as j v ! esciasc | fs | 
ns] v | ese jese | Faure 5 | 


‘NOTES 
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ELECTRICAL CHARACTERISTICS (INOTLSi 2 с 


ES 


12,14. 


опне) 


CHARACTERISTIC 


CI! | Gate Input Current {Input 707) i ао, 
^3 | по, 
| ci 5 | 0, 
ES | (input 717) | n, 
A3 77 боа, 
44” Н п, 
ct ] Gate Current Consumption (Output 717) ! UN 
^2 ШК 
| ec 
А4 | D 
TI (Ovtput 707) | 10 
А2 | па 
А ;, 10 ' 
г СЕ | 
A3 Gate Input Latch Voltage Rating BV, | 
^1 у Gate Output Short Circuit Current | о | 
Switching Times i 
Gate Tum Ол Delay + Tee 
Gate Tum-Off Delay Ton 
Propagation Delay v. D 
Propagation Delay i Toa! 
Differentia! Ovedoad Recovery | Cam 
Tune | __ 
Notes 
1. All те m urernents are referenced to tne ground terminal. 
2. Positive current М oefined as into the pin referenced. 
3. Ping not specifically referenced are left electrically open. 
4. Precautionary mesures should be taken 10 ensure current fimiting ie 


= 


L3 


ecordenca with Absolute Maximum Ratings should the isolation diodes 
become forward bleed. 

input ОНьет Voltage із tinted at possanteed Input Common Моде Range volt. 
әде limit and includes the ога саһ variations of voltage gein eng input 
impedence. Thess ere the menimum velues required to drive Tha Output down 
to "O^" or up to 717, ` 

Input Bim Current ш се пед са the maximum current required to bias 
either Input. 


BASIC CIRCUIT SCHEMATIC 


dell 


Rz 
=, 


....- 


ОТА: 


TEST CONDITIONS 
ni у SEMREGAT URE Эш NOTES 
poene —— — | TEST circuit: 
| UNIT | SES26 | МЕ526 | 
Е.Ж” СИ” wo oW POTENS OE — j 
-14 | ma ' .5SC; oC | Fue 6 | 
pel mA | 425°C | +25°С Foo 6 | | 
-18 | mA | +125°С ! 475°C | Fiore 6 | | 
25 |мл | ssc! vc | Fie? | i 
25 | ҺА | 428°C [428°C | Figure 7 | ; 
25 | uA | +125°С | +75°C | Figure 7 | ; 
220 | mA | -SS8'C, 0С | гета { | 
200 mA | 425°C | +25'С | Figure B ! : 
2.00 | mA 1 +125°С | +75°С | Figure B i ! 
5-00 | mA ; -55°С. OC | Faure Bj { 
5.00 | mA | 425°C +25°С | Foun В | | 
500: mA |125°С]+7'С | Fue | | 
TN v | +25°С | 425°C Н Figure 9 ' | 
-rao | mA: «aec [425°с | Figure 10 | 
| | | | | i | 
| | MIA i 
15 91” | Q"QUCIA29C 1 Faure M | " | 
% 9 | m | +25°С!+25°С | Figure 11 n 
ю | 42 | m ! 425°C! +25°С Ғқот 12 | n 
40 | 48 | m | +28°C/ 425°C Куше 12 | n 
30 40 | ~ | use pase | Кеше 13 !11,12 
А „РЕН —— = = 


Output source current is supplied through ә resmtor to ground. 
Output sink current h supplied through a resistor ло Уа. 

There limits are guacanteed by Gate Output Voltege ДАЈЕ test. 

These limin are Queranteed by Саха Output Voltage IV.) testi. 

Сога cepecitu nce Includes test (ілімге end probe ceoacitance 

Differential Input Voltage = SOOmV for this test. 

Accepiance Test Subgroup А 7 provides snd Point pererneten tor tines: 
Qevices procevsed 10 Signetics SURE Program. See Signetics SURE Bulletin 
5001 

Maenufecturer reserves the right 10 make Senior and process changes and 
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Pulse delay curves illustrate Propagation delay at the lead: 


and differential overload recovery at the trailing edge 
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USAGE INFORMATION 

The 526 п designed fox use in voltage Comparator and sense 
amplifier applications. Because of its high voltage gain and 
high soeed, care must be taxen in its circuit. applicauon to 
erasure stable operation. The power supplies must be by- 
passed for frequencies æ high as 5OMHz. The source imped 
ances should be kept as small as feasible and the input 
should be kept well isolated from the output to avoid gene 
raung a posite feedback loop. To optimize the effective 
put offset voltage external resistance used in the bases of 
the input trantistors should be kept equal (Figure 1) 

The amplifier and gste circuit are completely independent, 
making their external connection very versatile and capable 
of performing а multitude of functions. For most applica 
tions, the amplifier will be connected directly to the gate. 
The parasitic capacitance at the interconnecting point must 
be minunized if the propagstion delay of the circuit is to be 
optimized. И is permissible 10 connect an external discrete 
resistor from the amplifier output to the negative supply 
(Figure 2). The increased sink capability resulting from this 
connection tends to reduce the propagation delay. The ex- 
ve nal pull-down resistor should be no less than 5000 ohms 
The remaining gate input may be used to strobe the output 
of the amplifier output. 


| FIGURE 1 


_ 


MINIMIZING EFFECTIVE INPUT OFFSET VOLTAGE 
**30v 


| 


| 
| 


FIGURE 2 DECREASING PROPOGATION DELAY BY ADOITION 
OF EXTERNAL PULL DOWN RESISTOR 
+504 TROBE 
5 Свүрд55 
"o 
с 
с Rcx 25,0000 
"ence 
FIGURE 3 


P4COFPORATING EXTERNAL МАМО САТЕ TO PROVIDE OUTPUT STORAGE | 


+ ом 


25x 1 Сатра55 


An external МАМО gate may be crosscoupied with the gate 
output of the 526 to prowde а br stable tatch О” могаде 
element. In this application, the differential inputs of the 
amplifeer should be biased such that the amplifier output 
will be positwe when no :nput signal 15 present е the 
non-inverting input should be biased with respect to гле in 
verting input (Figure 3). 


Amplifier outputs may be tied together to provide the logr 
са! OR of the amplifier outputs (Figure 4). This technique 
will tend to increase propagation delay because of the para 
utc capacitances associated with the connection. 


The amplifier of one 526 may be used to drive the second 
gate input (strobe) of another 526, performing the logx al 
NAND of the amplifier outputs. This configuration removes 
the strobe capability of the output (Figure 5). in either of 
these configurations, the unused 526 gate may be used to 
implement other system logic requirements. 


The power supply inputs for the gate and amplifier are inde 
pendent. Where power consumption is critical, the amplifier 
may be disabled while maintaining a logical 1 output at the 
gate. Total power consumption is reduced to about 20% of 
the power required for norma operation. 


FIGURE 4 QR LELING. AMPLIFIER OUTPUTS PROVIDE THE LOGICAL 


OR OF THE AMPLIFIER OUTPUTS 
STROBE 


*50v 
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FIGURE 5 
LOGICAL МАМО OF THE AMPLIFER OUTPUTS 
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TEST FIGURE 1 


INPUT OF FSET VOLTAGE 
PUT COMMON MODE RANGE 
2%45ОУ 


“Т І FOR S, AT 1 AND $, AT}, 90 
+ FOR S, AT 2 AND $; АТ 1, №" "1" 

7 FOR $1 AT 1 AND 5; АТ 2, Уо" 707 

FOR S, AT 2 АМО $; AT 2, № +"! 


TEST FIGURE 2 
INPUT BIAS CURRENT 
МРОТ OFFSET CURRENT 
*50v 
TEST FIGURE 3 


AMPLIFIER OUTPUT VOLTAGE 
5, | *50v 


FOR Моң SWITCH POSITION + S, 
FOR Vg, SwiTCH POSTION • 52 


TEST FIGURE 4 
АРКА POWER. CONSUMPTION 
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ЕДЫ 
GATE INPUT THRESHOLD VOJAGI Н 
452% | этой 
i 
"A 5, 
“ у 
= V5 ! 28» 
zi .. 


* SAY 1, Јеумк (10p)* !6 Oma (min) 
= * * $: АТ 2,15009СЕ {Tip)*10mo (min) 
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GATE INPUT CURRENT {INPUT “О”! 
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САТЕ POWER CONSUMPTION 
450v 


їсс 152 ОтА 
FOR SwiYCH. POSITION I 
1 OF 5 Ота . 


| TEST FIGURE 8 
1 
FOR SwiTCH FOSTION 2 
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TEST FOURE 9 


САТЕ МАЛ LATCH VOLTAGE RATING 


TEST FIGURE П 


TEST FIGURE 13 


ТЕ57 FGE £ 


| *50v 


*50v - Тоғ 


INPUT PULSE А 


PAR SE wD? ннООка 
1,714 5 Ora 
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5, АТ 1, Sa АТ! MCASURE. 7,41 
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%5; CHANGES DC OFFSET BY Smv 


DeFFEREMTIAL OVERLOD RECOVERY Тыс, AMPLIFIER INPUT TO САТЕ OUTPUT 
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NE526A 
5Е5266 
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NE/SE532/532A/SA532-N,T 


DESCRIPTION PIN CONFIGURATIONS 


The 532 consists of two independent, high 
gain, internally frequency compensated op- T PACKAGE 
erational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible and the low 
power supply current drain is independent 
of the magnitude of the power supply 


N PACKAGE 
(Top View) 


оитғит в 


voltage. serene X BUS т] коч min 

FEATURES мон тивит ^ мом INVERTING 

* Internally frequency compensated for 

i үлү га it А 100dB ORDER PART NO. ORDER PART NO. 

arge dc voltage gain—( ) 4 ош“ ЛА 5Е532М NES32N 
* Wide bandwidth (unity gain)—1MHz e NESS2AT SA532N 
(temperature compensated) SA532T SES32AN NES32AN 
1 * Wide power supply range 
im singie supply—(3Vdc to 30Vdc) 
с or dual supplies—(+1.5Vde to EQUIVALENT CIRCUIT 
t15Vdc) 


Very low supply current drain (400 А) — 

V, essentially independent of supply volt- 
age (1mW/op amp at +5Vdc) 

* Low input biasing current—(45nA dc 
temperature compensated) 

* Low Input offset voltage—(2mVdc) and 
offset current—(5nA dc) 

* Differential input voltage range equal to 
the power supply voltage 

е Large output voltage—(0Vdc to У+— - 
1.5Vdc swing) 

= е 52532 Mil std 883A,B,C available 


UNIQUE FEATURES 


In the linear mode the input common-mode 
voltage range includes ground and the out- | 
M put voltage can also swing to ground, even 
though operated from only a single power 
Supply voltage. The unity gain cross fre- 
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 


INPUTS 


жашт, 


ei 
43 


4 d 
wren 
; = 


pe 472. 


Supply voltage, V+ 32 ог +16 
Differential input voltage 32 
Input voltage -0.3 to +32 
Power dissipation 
T package 680 
N package 625 
Output short-circuit to GND 
V+ < 15 Мас and TA = 25°C Continuous 
Operating temperature range 
МЕ532 0 to +70 
SA532 -40 to +85 
5Е532 -55 to +125 
Storage temperature range -65 to +150 
Lead temperature 300 | 
(soldering, 10sec) 


76 si]nntics 


NE/SE532/532A/SA532-N,T 


DC ELECTRICAL CHARACTERISTICS ТА = 25°С, V+ = +5V unless otherwise specified (see Notes on following раде). 


PARAMETER TEST CONDITIONS | | мәз | 


с 
= 
4 


Vos Offset voltage! Rs € 10k i mV 
Rs < 10К0, over temp. ту 
los Offset current Им) or lC) nA 
los Offset current Over temp. nA 
los Drift Over temp. pA/^C 


igias Input current? м) or мо) 
Over temp., lin(+) or Им(-) 


VcM Common mode voltage range? V4- = 30V 
Over temp., V+ = 30V 
Rs € 10к0 


Аг > 2к0, V+ = 30V 
R, > 10к0, V+ = 30V 
Моџт Output voltage swing Мор Ru < 10k, over temp. 


їсс Supply current В; = onallamplifiers, over temp [__- | 
Avo. Large signal voltage RL > 2к0, Vout + 10V, М5 = 15V 
Gain Over temp. 
Реяя Supply voltage Rs < 10к0 ЕЗ 
rejection ratio 
Amplifier-to-amplifier f =1kHz to 20kHz (input referred) 
coupling4 


СмваСоттоп mode rejection ratio 
Моџт Output voltage swing (Мон) 


a = = 


Output current source Vint = 1Vdc, Vin- = 0Vdc, М+ = 15Vdc 
Output current sink ViN- = 1Vdc, Vin = OVdc, V+ = 15Vdc 
Vin- = 1Vdc, Vin = ОМдс, Моџт = 200mVdc 


1525 


ET 
N 


PARAMETER 


Vos Offset voltage! Rs < 10k 
Rs < 10КО, over temp. 


3 = 
5 


Е 
3 
<< 


sale 
> >| © 
о 


| Min | 

los Offset current м) or ћмо) 0 10 
los Offset current Over temp. +150 30 
los Drift Over temp. 10 200 |рА/°С 
lgias Input current? Шм) or lin) nA 

Over temp., lin(+) ог мо) nA 
VcM Common mode voltage range V4 = 30V V+-1.5 0 У+-1.51 V 

Over temp., М+ = 30V V+-2.0 0 \+-1.5| V 

Смяя Common mode rejection ratio Rs < 10к0 70 70 85 


Ri > 2к0, V+ = 30V 
В+ = 10к0, V+ = 30V 
В+ < 10kN, over temp. 


В. = опа amplifiers, over temp. 


Vout Output voltage swing (Von) 


Vout Output voltage swing (VoL) 
Ісс Supply current 


Avo Large signal voltage RL > 2КО, Vout + 10V, Vs=+15V V/mV 
Gain Over temp. М/т\ 


rejection ratio 
Amplifier-to-amplifier f = 1kHz to 20kHz (input referred) 
coupling* 


Output current source Vint = 1Vdc, Vin- = 0Vdc, М+ = 15Vdc 
Output current sink Vin-= 1Vdc, Vin = ОМас, V+ = 15Vdc 
Vin- = 1Vdc, Vin = OVdc, Vout = 200mVdc 


3% 33 


1565 


5100625 77 


NE/SE532/532A/SA532-N,T 


DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, V+ = +5V unless otherwise specified. 


^. RsS 10k 
Rs < 10К0, over temp. 


им) or мо) 
Over temp. 
Over temp. 
liNCH or мо) 
Over temp., lin(+) or Им(-} 
V+ = 30V 
Over temp., V+ = 30V 
Rs € 10к0 
В, = 2К0, V+ = 30V 
Ң > 10k, V+ = 30V 
Vout Output voltage swing (Voi) Ri < 10k, over temp. 


lcc Supply current А: ==оп а amplifiers, over temp. 
Avo. Large signal voltage RL = 2kN, Vout + 10V, Vs = 15V 25 
Gain Over temp. 
Psnn Supply voltage Rs < 10kn 
rejection ratio 
f = 1kHz to 20kHz (input referred) az 


los Offset current 
los | Offset current 
los Drift 


Igias Input current2 


Vcm Common mode voltage range3 


Curr Common mode rejection ratio 
Vout Output voltage swing (Мон) 


со 
Or 


=a 
о 


! 
Er. 
№ 


Amplifier-to-amplifier 
coupling4 
Output current source Vint = 1Vdc, Vin- = ОМас, V+ = 15Vdc 
ViN- = 1Vdc, Мк = ОУас, V+= 15Vdc 
Vin- = 1Vdc, Vin = OVdc, Vout = 200mVdc 


33 
>> 


Output current sink 


> 


40 
20 
50 
40 


3 
> 


NOTES is V+ -1.5V, but either or both inputs can go to +32V without damage. 


1. 


Уо = 1.4V, Rs- 00 with V+ trom 5V to 30V; and over the full input common-mode range 
(9V to V+ -1.5V). 


. Due to proximity of external components, insure that coupling із not originating ма 


stray capacitance between these external parts. This typically can be detected as this 


2. The direction ot the input current is out of the IC due to the pnp input stage. This type of capacitive coupling increases at higher frequencies. 
Current is essentially contant, independent of the state of the output so no loading . Short circuits from the output to У+ can cause excessive heating and eventual 
change exists on the input lines. destruction. The maximum output current is approximately 40mA independent of the 
3. The input common-mode voltage or either input signal voltage should not be allowed magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short- 
to go negative by more than 0.3V. The upper end of the common-mode voitage range Circuits can exceed the power dissipation ratings and cause eventual destruction. 
78 Siqnotics 


`` 


“Ae 


VR 


x 


а. 


B 


Em —À nce 0, 


ANALOG 
DEVICES | 
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FEATURES . 

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L) 

All Inputs (X, Y and Z) Differential, High Impedance for 
[0X1 X2 (Y, -У 2/10] *Z; Transfer Function 

Scale-Factor Adjustable to Provide up to X100 Gain 

Low Noise Design: 904V rms, 10Hz-10kHz 

Low Cost, Monolithic Construction | 

Excellent Long Term Stability 


APPLICATIONS 

High Quality Analog Signal Processing 

Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 


PRODUCT DESCRIPTION 

The AD534 is a monolithic laser trimmed four-quadrant multi- 
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. А maximum 
multiplication error of *0.2596 is guaranteed for the AD534L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in- 
puts, including the Z-input. a feature which greatly increases 
its flexibility and ease of use. The scaie factor is pretrimmed 
to the standard value of 10.00; by means of an cxternal resis- 
tor, this can be reduced to values as low as 3, with corresponding 
reductions in bias current and noise level. 


The wide spectrum of applications and the availability of sev- 
ста! grades commend this multiplier as the first choice for all 
new designs. The Ар5 34] (%1% max error), AD534K (40.5% 
max) and AD534L (40.25% max) are specified for operation 
over the 0 to «70^ C temperature range. The AD534S (+1% max) 
and AD534T (+0.5% max) are specified over the extended 
temperature range, -55°C to +125 С. АП grades are available 

in hermetically-sealed TO-100 metal cans and TO-116 ceramic 
DIP packages. 


Internally Trimmed - 
Precision IC Мир 


PROVIDES GAIN WITH LOW NOISE 

The AD534 is the first general purpose multiplier capable of 
providing gains up to X100, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively.employed as а 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function- 
fitting algorithms such as those used to generate sine and tan- 
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90uV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers, Drift 
and feedthrough are also substantially reduced over earlier 
designs. 


UNPRECEDENTED FLEXIBILITY 

The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- 
uplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in- 
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesi$ have been made possible, usually requiring only ex- 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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SPECIFICATIONS (typical at +25°C, with tVg = 15V, Ry = 2k, unless otherwise stated) 


PARAMETER CONDITIONS AD534K AD534L АПр5345 AD534T 


MULTIPLIER PERFORMANCE 


ADS34) 


Transfer Function 


Total Error! 


үз. Temperature 
Scale Factor Error 


Temperature-Coefficient of 


Scaling-Voltage 
Supply Rejection 
Nonlinearity, X 
Nonlinearity, Y 
Feedthrough? , X 
Feedthrough’. Y 


Output Offset Voltage 
Drift 


DYNAMICS 


Small-Signal BW 

1% Amplirude Error 
Slew Rate 

Settling Time to 21% 


NOISE 


Noise Spectral-Density 


Wideband Noise 


-10V& X, Y& «10V 
TA = min to max 
Vs = 214V (о #167 


SF = 10.00 nomini? 


ТА = тіп tomax ^ 

ФУ «(15У)41У 

X = 20У pk-pk 

У »£10V 

Y = 20V pk-pk 

Х = НОУ 

У nulled 

X = 20V pk-pk 50Hz 
X nulied 

У = 20V pk-pk 5012 


TA = min to max 


Vout = 0.1V rms 
CLoAD = 1000pF 
Моџт 20V pk-pk 
AVout = 20% 


SF = 10 

SF = 3 (Note 4) 

f = 10Н2 to 5MHz 

f = 10Hz to 10kHz 
f = 10Hz to JOkHz. 


O4 -XXY -Y2 3, . 5 


10 
1.0% max 


21.5% 
10022X/C 
20.25% 


10.02&/^C 
40.01% 
E 


304% 
+0.01% 
20.3% 


20.01% 
*$mV {+30тУ max) 


ОУ АЕ 


1тУ rms 
90uV rms 


+0.5% max 
21.0% 
#0.015%/С 
301% 


£0.01%7°C 
. 


20.2% (0.3% max) 
#0.01%{+0.1% max) 
20.15% (0.3% max) 
20.01% (30.1% max) 


*2mV (215mV max) 
1004V/C 


20.25% max 


20.5% 2.0% max 
£0.02%/°C max ` 
И 


20.008%7 С 
.. 
#0.005%/С 


20.1% (0.12% max) 
20.005% (20.1% max) 


*0.05*e (0.12% max) 


7 20.003% (20.2% max) " 


*2mV (f10mV max) * 
4% 500uV/ C max 


SF = 3 (Note 4) 6ОШУ rms 
OUTPUT Е расти пао ао 


Output Voltage Swing 
Output Impedance 


Maximum Output Current 
Amplifier Open-Loop Gain 


TA = min to max 
Uniry-Gain, f & 1kHz 


В; 20, ТА = min to max 


f = SOHz 


*11V min 
0.12 
30mA 
70dB 


м —————_—_________———__——_—_——_—_—_—_—__—_—_—__—_—_—-—___________________ 


МРОТ AMPLIFIERS (X, Y and Z) 


Signa] Voltage Range 


Offset Voltage, X, У 
Drift 

Offset Voltage, Z 
Drift 

CMRR (X, Y. 2) 

Bias Current 

Offset Current 


Rated Accuracy 
(Diff. or CM) 
Operating (Diff.) 


ТА = min ro max 


ТА = min to max 
50Hz, 20V pk-pk 
Diff. Input = 0 
Diff. Input = 0 


210V 

127 

*5mV (120mV max) 
,l00uv/^c 

t$mV ($30mV max) 

200руС 

8048 (60dB min) 

О.8рА (24A тах} 

OA 

тома. 


£2mV (£10mV max) 
зору С 

t2mV (*15mV max) 
пору РС 

90dB (7088 min) 


РЕ .. 

"= 150%У/”С 

22mV (£10mV max) ui 

£t ` - 3004V^C max 
M 


0.05ЏА (0.24A тах} 
M 


Differential Resistance 
м 


DIVIDER PERFORMANCE 


Transfer Function 
Toul Error! 


(Note 7) 


SQUARER PERFORMANCE 


Transfer Function 


Total Error! 


SQUARE-ROOTER PERFORMANCE* 


Transfer Function 
Total Error! 


POWER SUPPLY SPECIFICATIONS 


Supply Voltage 


Supply Current 


хұ>х, 

Х «10У 
-10У<2<+10У 
Х-1У 
-IV&Z&«V 


9.1V & X «10V 
-10v&2«-«10v 


-10У< X&*10V 


Z <z 
1У<2<10У 


Rated Performance 
Operating 


Quiescent 


(3-2) |, 


10 
Og -%) 


20.75% 


№162, 221) + X; 


21.0% 


215У 
18V to 218V 
4mA (6mA max) 


ВУ to 122V ЗВУ to 2227 


NOTES , *See Functional Block Diagram, Figure 1. for definition of sections. 
*Specifiations same as ADS34) “Тһе AD535 is a functional equivalent to the Ар534. has guaranteed performance 
* "Specifications same өз ADSI4K. in the divider and square rooter modes and is recommended for such applications. 
! Figures given are percent of fullscale. + 90V tie., 0.01% © 1mV). 7 With external Z-offset adjustment, Z € +X, 

"Мау be reduced down to JV using external resmior between -Vg and SF 
* irreducible component due to nonlinearity excludes effect of offsets 

* Using external resistor adjusted 10 give SF = 3 


Specifications subject 10 change without nonce 
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„РМ CONFIGURATION & DIMENSIONS 


Dimensions shown in inches and (mm). 


H-PACKAGE 


TO-100 
(TOP VIEW) 


0.032 (0.85) 


0045 1121 
0.01 (0.25) 
564 105 506 (048 
SEATING PLANE 


7 PIN #7 IDENTIFIER 


0700 20.010 _ 
0778 20.26) 
0035 20.010 
10 B9 20.25) ре —-— 


BENE 
== 


D-PACKAGE 


TO-116 
(TOP VIEW) 


0.290 +0, 
0.37 *0.28)| ox nam 


= 
. 


LE. 


229251245 


0.180 *0 030 


(4.57 20.76) 


ak — Ноа 


oon tR 993 


0.047 *0.007 
n 2038) 


(о43:228 


CHIP DIMENSIONS & PAD LAYOUT 
Dimensions shown in inches and (mm). 


» 
б Өзү to 2227 
Le 


2, 


0076 (1.93) 


«о 100 (2 а" 
4 A534 15 AVAILABLE IN LASER TRIMMED CHI? FORM, CONSULT TME CHIP CATALOG FOR DETAILS. 


~ 


ABSOLUTE MAXIMUM RATINGS 


А0534), K,L AD5345, T 
Supply Voltage +18У %22У 
Internal Power Dissipation 500mW 
Output Short-Circuit to Ground Indefinite 
Input Voltages, X1 Хз Y; У2 21 Z5 tVs 
Rated Operating Temperature Range Ото +70°C 


Storage Temperature Range -65°C то +150°C * 
Lead Temperature, 60s soldering +300°C d 


*Sarne as AD534J specs. 


OPTIONAL TRIMMING CONFIGURATION 


*Ve 


— _ TO APPROPRIATE 
INPUT TERMINAL 


-Vs 


FUNCTIONAL DESCRIPTION 


Figure 1 is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage- 
to-current converters, each trimmed for zero offset. The prod- 
uct of the Х and Y currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip “Buried 
Zener” provides a highly stable reference, which is laser trim- 
med to provide an overall scale factor of 10.000V. The differ- 
ence between XY/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura- 
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear- 
ity on the Y input, with X at full scale (10V), is +0.005% of 
F.S.; even at its worst point, which occurs when X = +6,4У, 

it is typically only +0.025% of F.S. Nonlinearity for signals 
applied to the X input, on the other hand, is determined al- 
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 

device grade. 


TRANSFER FUNCTION 


Vora [= ЖЕЛАЛ (2, л 


HIGH GAIN 
OuTPUT 
AMPLIFIER 


Figure 1. AD534 Functional Block Diagram 
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The generalized transfer function for the AD534 is given by: 
(X4 - Хр (У] - Y2) 
- (21 -22) 
5 
А = open loop gain of output amplifier, typically 
70dB at dc 


Vout = А 


where 


X, Y, Z = input voltages (full scale = #52, peak= 
t1.25SF) 


SF = scale factor, pretrimmed to 10.00 but 
adjustable by the user down to 3. ` 


In most cases the open loop gain can be regarded as infinite, 
and SF will be 10. The operation performed by the AD534, 
can then be described in terms of equation: 


(Ху - X22 (Y; - Үз) = 10(21 - 22) 
The user may adjust SF for values between 10.00 and 3 by 
connecting an external resistor in series with a potentiometer 
between SF and -Vs. The approximate value of the total resist- 
ance for a given value of SF is given by the relationship: 
__БЕ__ 
10 - SF 
Due to device tolerances, allowance should be made to vary 
Кор by +25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with- 
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., +5\ for SF = 4) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 


Rsr = 5.4К 


Supply voltages of +15У are generally assumed. lowever, satis- 
factory operation is possible down to *8V (see curve 1). Since 
all inputs maintain a constant peak input capability of $1.25SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of $22V when using higher supply 
voltages. : 

OPERATION AS A MULTIPLIER 

Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet al! specifications without trimming. 


X INPUT 
10У FS 
212V PK 


OUTPUT, 212V РК 


Q0 - Хану) - У; 
ES mE HAT 


OPTIONAL SUMMING 
INPUT, 2, £10V РК 


Y INPUT 
210V FS 
212V PK 


Figure 2. Basic Multiplier Connection 


In some cases the user may wish to reduce ac feedthrough to 

a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (%30тУ range required) to the X or Y 
input (see Optional Trimming Configuration, previous page). 
Curve 4 shows the typical ac feedthrough with this adjustment? 
mode. Note that the Y input is a factor of 10 lower than the 

X input and should be used in applications where null sup- 
pression is critical. s 


^ 
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The high impedance Z, terminal of the AD534 may be used to 
sum an additional signal into the output. In this mode the output 
amplifier behaves as voltage follower with a 1MHz small signal 
bandwidth and a 20V/us slew rate. This terminal should 

always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the AD534. 


A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
Vout = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor Ср = 200pF. In 
addition, the output offset voltage is increased by a factor of 
10 making external adjustments necessary in some applications, 
Adjustment is made by connecting a 4.7MQ. resistor between 
Z, and the slider of a pot connected across the supplies to 
provide +300mV of trim range at the output. 


Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imped- 


X INPUT 
110v FS 
*12V PK 


OUTPUT. 112V PK 
= 0G - Xa NYa + gl 
(SCALE + 1) 


OPTIONAL 
PEAKING 
~ CAPACITOR 
| Се + 200pF 


Figure 3. Connections for Scale-Factor of Unity 


ance Z5 terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by +1. 
Input signals may also be applied to the lower end of the 10k2 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to X100, can be used to combine multiplication with gain. 


Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con- 
trolled low-pass filter and the differential-input voltage-to- 
frequency converter shown in the Applications Section. 


X INPUT 
1107 FS. 
512v РК 


CURRENT SENSING 
RESISTOR, Ag. 2k? MIN 


INTEGRATOR - +- 
CAPACITOR ^T^ 
(ЕЕ ТЕХТ |], 

v 


Y INPUT 
fov Е5 
212v РК 


Figure 4. Conversion of Output to Current 
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applications, р 
лог between 
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“for addinga | 
high imped- 


T.*12V РК 
o My - X2) - Ya 
mares 1) 
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№ or to the 
ied by *1. 
of the 10kQ 
k ratio, up 
with gain. 


| 


tput to a 
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rent, a simple 
шіге 4 shows 
applied in 
propriate 
voltage-con- 
pltage-to- 
"rion. 


TEGRATOR nda | 
CAPACITOR 27% 
w dy 
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OPERATION AS A SQUARER 
eration as а squarer is achieved in the same fashion as the 
multiplier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
larity (positive for X; = Үү and X? = Үҙ, negative if either 
of the inputs is reversed). Accuracy in the squaring mode 
в typically а factor of 2 better than in the multiplying mode, 
- largest errors occurring with small values of output for 
input below 1V. y $ = 
M the application depends on accurate operation for inputs 
chat are always less than ЕЗУ, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a feed- 
pack attenuator may be used to raise the output level. This is 
t то use in the difference-of-squares application to compen- 
gate for the factor of 2 loss involved in generating the sum 
serm (sec Figure 7). 
The difference-of-squares function is also used as the basis for 
a novel rms-to-dc converter shown in Figure 14. The averaging 
filter is a true integrator, and the loop seeks to zero its input. 
For this to Occur, (Vin)? - (Vour?? = 0 (for signals whose 
penod is well below the averaging timé-constant). Hence Vout 
x forced to equal the rms value of Му. The absolute accuracy 
of this technique is very high; at medium frequencies, and for 
egnals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
турса of performance that can be achieved with an AD534K, 
but even using an AD534], this technique can readily provide 
better than 1% accuracy over a wide frequency range, even for 
crest factors in excess of 10. 


OPERATION AS A DIVIDER 

The AD535, a pin for pin functional cquivalent to the AD534, 
has guaranteed performance in the divider and square-rooter 
configurations and 1s recommended for such applications. 


tgure 5 shows the connection required for division. Unlike 
earher products, the AD534 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
аз shown in curve 8. 


+v 


МОМ АТОМ 
+ оу +; 
siad OUTPUT, 212V РК 
= 92-2 yy, 
0 - X2) 


Z INPUT 
(NUMERATOR) 
210V FS, +12У РК 


Figure 5. Basic Divider Connection 


Without additional trimming, the accuracy of the AD534K and 
L is sufficient to maintain a 1% error over a 10V to 1V denomi- 
nator range. This range may be extended to 100:1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is £3.5mV max) applied to the unused X input 
(see Optional Trimming Configuration, page 4-19). To trim, ap- 
ply a ramp of +100mV to +V at 100Hz to both X4 and Z; (if X2 
is used for offset adjustment, otherwise reverse the signal po- 
larity) and adjust the trim voltage to minimize the variation in 
the output.* 


Since the output will be near * 10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 

to 1. 


As with the multiplier connection, overall gain can be intro- 
duced by inserting a simple attenuator between the output and 
Y, terminal. This option, and the differential-ratio capability 
of the AD534 are utilized in the percentage-computer applica- 
tion shown in Figure 11. This configuration generates an out- 
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 


OPERATION AS A SQUARE ROOTER 
The operation of the AD534 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it rnay be changed to a 
negative output by reversing the diode direction and inter- 
changing е Х inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
cach combination of inputs. 

OUTPUT. 412V РК 


e / Wiz; - 21) + Xz 


Ц 
! 
' 
REVERSE i 
THIS AND X RL 
А INPUTS FOR (MUST BE 
NEGATIVE PROVIDED) 
OUTPUTS l 
OPTIONAL 
SUMMING КА 
INPUT, X 
#10, РК 


= ZINPUT 


<--- 


у 


Figure 6. Square-Rooter Connection 


In contrast to earlier devices, which were intolerant of capaci- 
tive loads in the square root modes, the AD534 is stable with 
all loads up to at least IO00pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con- 
figuration, page 4-19) will improve accuracy for inputs below 1V. 


“ӛсе the ADS35 Data Sheet for more details. 
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ANALOG 


FEATURES 

Pretrimmed to +0.5% max Error, 10:1 Denominator 
Range (AD535K) 

22.0% max Error, 50:1 Denominator Range (AD535K) 

All Inputs (X, Y and Z) Differential 

Low Cost, Monolithic Construction 


APPLICATIONS 

General Analog Signal Processing 

Differential Ratio and Percentage Computations 
Precision AGC Loops 

Square-Rooting 


PRODUCT DESCRIPTION 


having performance specifications previously found only in ex- 
pensive hybrid or modular products. A maximum divider error 
of 20.5% is guaranteed for the ADS35K without any external 


over a range of 50:1. A maximum error of +1% over the 50:1 
denominator range is guarahteed with the addition of two ex- 
zemal tims. The AD535 is the first divider to offer fully dif- 


teduced by any amount down to 3. 


The extraordinary versatility and performance of the AD535 
recommend it as the first choice in many divider and compu- 
tational applications. Typical-uses include square-rooting, ratio 
computation, “‘pin-cushion” correction and AGC loops. The 
device is packaged in a hermetically sealed, 10-pin TO-100 can 
ex 14-pin ТО-116 ПІР and made available in a +1% max error 
wersion (J) and a 40.5% max error version (К). Both versions 
are specified for operation over the 0 to +70°C temperature 
range. 


eal ДЕ PRODUCT HIGHLIGHTS 
The Ар535 is a monolithic laser-trimmed two-quadrant divider 1. 


mimming over а denominator range of 10:1; #2.0% max error 2 


ferential, high impedance operation on all inputs, including the + 
1anput, a feature which greatly increases its flexibility and 
case of use. The scale factor is pretrimmed to the standard 
salue of 10.00; by means of an external resistor, this сап be 4. 


Internally Trimmed 
rated Circuit Divider 


Integ 


Laser trimming at the wafer stage enables the AD535 to 
provide high accuracies without the addition of external 
trims (10.596 max error over a 10:1 denominator range 
for the AD535K). 

Improved accuracies over a wider denominator range are 
possible with only two external trims (50.596 max error 
over a 20:1 denominator range for the AD535K). 
Differential inputs on the X, Y and Z input terminals 
enhance the AD535’s versatility as a generalized analog 
computational circuit. 


Monólithic construction permits low cost and, at the 
same time, increased reliability. 


TO-100 
(TOP VIEW) 


TO-116 


(TOP VIEW) 
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SPECIFICATIONS (Vs = +15V, RL22kQ, ТА = +25°C unless otherwise stated) 


PARAMETER CONDITIONS Ар535] AD535K | | 
75-21 
TRANSFER FUNCTION Figure 2 | 10 22 -20 *Yi x 
(X, -X;) 
TOTAL ERROR! « No External Trims, Figure 2 
г 1У<Х<10У, 2< |x| 1.0% тах 0.5% тах 
0.2У<Х<10У, Z< |Х | 5.0% тах 2.0% тах | 
With External Trims, Figure 5 і 
0.5У<Х<10У,2<1Х1 . 1.0% тах 0.5% max | 
0.2V<X<10V, Z«IXI 2.0% max 1.096 max Е 
^ 
TEMPERATURE COEFFICIENT 1V<X<10V, Z&|XI 0.01%/2С тур У д 
05V&X«10V,Z«|X| . 0.02%/ С typ * й 
0.2V<X<10V, Z<|X| 0.05%/C typ ы | 
SUPPLY RELATED 1V<X<10V 0.1%/V typ * 
Error 0.5У<Х<10У 0.2%/V typ * 
Vs = +14У to +16У 0.2V<X<10V 0.5%/V typ M 
SQUARE ROOTER No External Trims, Figure 11 
TOTAL ERROR! 1V<Z<10V 0.4% typ * 
| 0.2V<Z<10V 0.7% typ у 5 
| NOISE? Х=0.2У, f = 10Hz to 10kHz 4.5mV rms typ : 
BANDWIDTH X=0.2V 20kHz ty * 
INPUT AMPLIFIERS? 
CMRR f - 50Hz, 20V p-p 60dB min 2 
Bias Current 2.04A max i 
Offset Current ОЛЦА typ Е 
Differential Resistance 10MQ ы 
OUTPUT AMPLIFIER? 
Open-Loop Gain : f = 50Hz 70dB typ * 
Small Signal Gain-Bandwidth Vout = 0.1V rms 1MHz typ ы 
1% Amplitude Error Сіолр = 1000pF 50kHz typ ” АВ 
Output Voltage Swing Tmin tO Tmax +11V min " 
Slew Rate Vout = 20V p-p 20V/us typ M Sup 
Settling Time Vout = 20V %1% 2us typ ы Inte 
Output Impedance Unity Gain, f < 1kHz 0.12 typ • Qut 
Wide-band Noise Ғ= 10Н2 to 5MHz 1mV rms typ : inp 
Я f = 10Hz то 10kHz 90uV rms typ _ ы Rat 
OUTPUT CURRENT Tmin 10 Tmax, Ry 20 30mA max '. » Sto 
POWER SUPPLIES = 
Rated Performance у *15V 2 
Operating +8V min, +18У max : 
Supply Current Quiescent 6mA max Е 
NOTES: i 
*Specifications same as AD535]. | 


* Figures are given as a percent of full scale (i.e. 1.0% = 100mV). 
? Noise may be reduced as shown in Figure 14. 
? Sec Figure 1 for definition of section. 


Specifications subject to change without notice. 
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Dimensions'shown in inches and (mm). 


TO-116 


4 PIN өз IDENTIFIER. 


0 700 *0 то 
| 7778 20.25) 


20 
42.2 20 7%! 


0065 02 ж! 
ғ” ET 
ae — о 
001775 593 


(942492) 


© 047 10007 
пе :0 ж: 


1022 5 ва! 


0028 07% 
0034 © 86: 


60% юле. 
SEATING PLANE 


ABSOLUTE MAXIMUM RATINGS 


вәрріу Voltage +18V 

internal Power Dissipation 500mW 

Output Short-Circuit to Ground Indefinite 

taput Voltages, Х,, X2, Yi, Y2, Zt, 25 +Ус 

Rated Opcrating Temp Range Ото +70°С 
Seorage Temp Range -65°C to +150°C 
Lead Temp, 60s soldering +300°C 


FUNCTIONAL DESCRIPTION 

Fure 1 is a functional block diagram of the AD535. Inputs 
ат converted to differential currents by three identical voltage 
t» current converters, cach trimmed for zero offset. The product 
ef the X and Y currents is generated by a multiplier cell using 
Gilbert's translinear technique with an internal scaling voltage. 


The difference between XY /SF and Z is applied to the high gain 
«утри amplifier. The transfer function can then be expressed... 


ык. лы as -23] 
SF 


borea 


тте А = open loop gain of output amplifier, typically 70dB 
"dc 
X. Y, Z = input voltages 
SF = scale factor, pretrimmed to 10.00V but adjustable 
by the user down to 3V. 


In most cases the open loop gain can be regarded as infinite 
and SF will be 10V. Dividing both sides of the equation by A 
and solving the Моџт, we get... 


-Z 
Vout = 10V маеш. 


у. 
(X-X) ^ 


HIGH GAIN 
OUTPUT 


AMPLIFIER 


Figure 1. AD535 Functional Block Diagram 


SOURCES OF ERROR 

Divider error is specified as a percent of full scale (i.e. 10.00V) 
and consists primarily of the effects of X, Y and Z offsets and 
scale factor (which are trimmable) as shown in the generalized 
equation... 


(7; -Z1) + Zos 


Vout = (SF + ASF) [ 
(X, -Х;)+Х 05 


| У, + Yos 


Note especially that divider error is inversely proportional to 

X, that is, the error increases rapidly with decreasing denomi- 
nator values. Hence, the AD535 divider error is specified over 
several denominator ranges on previous page. (See also Figure 
12, AD535 Тога! Error as a function of denominator values.) 


Overall accuracy of the AD535 can be significantly improved 
by nulling out X and Z offset as described in the applications 
sections. Figure 13 illustrates a factor of 2 improvement in 
accuracy with the addition of these external trims. The remain- 
ing errors stem primarily from scale factor error and Y off- 
sets which can be trimmed out as shown in Figure 6. 


Figure 14 illustrates the bandwidth and noise relationships 
versus denominator voltage. Whereas noise increases with 
decreasing denominator, bandwidth decreases, the net result 
given by the expression... 


1.26 


Ge) 


Епоџт (wideband) = mV rms 
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External filtering can be added to limit output voltage noise 
even further. In this case... 


Enour (B.W. externally limited) = СЕ mV rms 


10 

where f = bandwidth in MHz of an external filter whose band- 
width is less than the noise bandwidth of the AD535. Table 1 
provides calculated values of the typical output voltage noise, 
both filtered and unfiltered for several denominator values. 
Noise Limited by 

External Filtering 

10Hz to 10kHz 


Noise 
10Hz to 5MHz 


4.5mV rms 
1.8mV rms 
0.9mV rms 
0.09mV rms 


8.9mV rms _ 
5.6mV rms 
4.0mV rms 
1.3mV rms 


Table 1. AD535 Calculated Voltage Noise 


APPLICATIONS 

Figure 2 shows the standard divider connection without ex- 
ternal trims. The denominator X, is restricted to positive 
values in this configuration. X, Y and Z inputs are differential 
with high (80dB typical) CMRR permitting the application of 
differential signals on X and Z (see Figure 3). 


(X MUST BE 
POSITIVE) 


ЕСТЕН! 
2 Vout * "x 7x) 


Xı -Xz MUST BE 
POSITIVE 


Моџт = E 
(X MUST BE 
NEGATIVE) 


Figure 4. Divider Connection for Negative X Inputs 


~ 
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Negative denominator inputs arc handled as shown in Figure 4 - 
Note that in either configuration, operation is limited to twg ^ 
quadrants (i.e. Z is bipolar, X is unipolar). 


A factor of two improvements in accuracy is possible by 
uimming the X and Z offsets as illustrated in Figure 5. To 
trim, set X to the smallest denominator value for which acey. 3, 
rate computation is required (1.е., X = 0.2V). With Z=0, — 
adjust the Zo trim for Vout = 0. Next, adjust the Xo trim 
for the best compromise when Z = +X (Vout = *10V) and 

= -X (Vout = -10V). Finally, readjust Zo for the best 
compromise at Z = +X, Z = -X and Z = О. The remaining erro 
(Figure 13) consists primarily of scale factor error, output — 
offset and an irreducible nonlinearity component. 


Figure 5. Precision Divider Using Two Trims. 


In certain applications, the user may elect to adjust SF for - 
values between 10.00 and 3 by connecting an external resistor | 
in series with a potentiometer between SF and -Vs. Theap ` 
proximate value of the total resistance for a given value of 

SF is given by the relationship: 


SF 


Все = 5.4K 10 -SF 


Due to device tolerances, allowance should be made to vary 
Rsr 525% using the potentiometer. Note that the peak signal 
is always limited to 1.25 SF (i.e. +5У for SF = 4). 


The scale factor may also be adjusted using a feedback attenus. | 
tor between Vout and Y2 as indicated in Figure 6. The input 
signal range is unaffected using this schenie. 


Scale factor and output offset error can be minimized utilizing 
the four trim circuit of Figure 6. Adjustment is as follows: ; 
1. Apply X = +0.2V (or the smallest required denominator | 
value), Z = 0 and adjust Zo for Vout = 0. 
Apply X = 0.2V. Then adjust the Xo trim for the best 
compromise when Z = +X (Vout = +10V) and Z = 
-X (Vout = -10У.) 
Apply X = «10V, Z = 0 and adjust Yo for Vout = 0. 
Apply X = «10V. Then adjust the scale factor (SF) trim 
for the best compromise when 2, = +X (Vout = +10У) 
and Z = -X (Vout = -10V). 
Repeat steps 1 and 2. 
Apply X = 0.2V. Then adjust the Z trim for the best 
compromise when Z = X (Vout = +10У), Z = 0 (Vout = 
0) and Z = -X (Убџт = -10V). 


n in Figure 4, 
mitcd 10 two 


ible by 
re 5. To 
hich accu- | 
7 = 0, 
Xo trim 
„ 107) and 
the best 


wel у 
maining error 


output 


Figure 6. Precision Divider with Four External Adjustments 


These тїт adjustments can be made either by using two cali- 
brated voltage sources and а DVM, or by using a differential 
scope, 2 low frequency generator, a voltage source and a 

cision attenuator. As shown in Figure 7, the differential 
scope subtracts the expected ideal бр and thus displays 
сеју errors. Set the attenuation to io 


CALIBRATED 
VOLTAGE 
SOURCE 


CALIBRATED 
VOLTAGE 
SOURCE 


Lom FREQUENCY 
CUNERATOR 


Figure 7. Alternate Trim Adjustment Set-Up 


fIN-CUSHION CORRECTION 
A pst cushion corrector eliminates the distortion caused by 
fu: screen CRT tubes. The correction equations are: 


Vin 
Von = 
‚М Мн? eV? +12 
Viv 


м Мн? + Vy? + L? 


Зете Voy and Voy are the horizontal and vertical output 
signals, respectively. 


and Voy 


signals, respectively. 
Lis the length of the CRT tube. 


Ман and Угу are the horizontal and vertical input 


In typical applications L (expressed in voltage) is roughly equal 
to full scale Ун or Угу. The result is that the expression, 


У (Мн? + Vi? +12), varies less than 2:1 over the full range 


of values of Ун and Угу. 


Major sources of divider error associated with small denomina- 


-tor values can thereby the minimized. 


2 
AD535 
DIVIDER 


x 
AD535 
DIVIDER 
x 


ADSM 
IN 
MULTIPLIER [77 
скт 
AD580 


VOLTAGE 
REFERENCE 


Figure 8. Pin-Cushion Corrector 


Figure 9 shows an AGC loop using an AD535 divider. The 
AD535 lends itself naturally in this application since it is con- 
figured to provide gain rather than loss. Overall gain varies 
from 1 to œas the denominator is servoed to maintain Vout 
at a constant level. 


Vout 
(CONSTANT rma) 


т/с 
CONVERTER 


HIGH-GAIN 
ERROR AMPLIFIER \/ (FIXED OR 
ADJUSTABLE) 


Figure 9. AGC Loop Using the AD536 rms/dc Converter 
as a Detector 


Figure 10 shows a method for obtaining the time average as 
defined by: 

X= E H тха 
where T is the time interval over which the average is to be 
taken. Conventional techniques typically provide only a crude 
approximation to the true time average, and furthermore, re- 
quirc a fixed time interval before the average can be taken. In 
Figure 10, the AD535 is used to divide the integrator output 
by the rámp generator output. Since the ramp is proportional 
to time, the integrator is divided by the time interval, thus 
allowing continuous, true time processing of signals over inter- 
vals varying by as much as 50:1. 
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DESCRIPTION 

The 5533/5534 are single and dual high- 
performance low noise operational amplifi- 
ers. Compared to other operational amplifi- 
ers, such as TLO83, they show better noise 
performance, improved output drive capabil- 
ity and considerably higher small-signal and 
power bandwidths. 


This makes the devices especially suitable 
for application in high quality and profes- 
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com- 
pensated for gain equal to, or higher than, 
three. The frequency response can be opti- 
mized with an external compensation ca- 
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 


EQUIVALENT SCHEMATIC 


FEATURES 

* Small-signal bandwidth: 10MHz 

* Output drive capability: 6000, 10V (rms) 

at У = +18V 

Input noise voltage: 4nV/ VHz 

DC voltage gain: 100000 + 

AC voltage gain: 6000 at 10kHz 

Power bandwidth: 200kHz 

Slew-rate: 13V/us 

Large supply voltage range: +3 to +20V 
5534 

* Pin out 741 

е Configuration Single 


N PACKAGE 


[8] BALANCE/ 


COMPENSATION 
INVERTING 
LUC ER [7] v+ 


NONINVERTING px > 
input [3 [s] ourrut 
v- [4] | 5] COMPENSATION 


ORDER PART NO. 


NE/SE5534N 
NE/SE5534AN 


BALANCE [1 | 


NE/5533/5533A-N,FeNE /SE5534 /5534A-N,H 


PIN CONFIGURATION 


N PACKAGE 


ORDER PART NO. 
NE5533N/F 
NE5533AN/ AF 


H PACKAGE 


BALANCE/ 
COMPENSATION 


0) 


INVERTING 
INPUT OUTPUT 
NONINVERTING N @) [O] 
INPUT © COMPENSATION 


v- 
ORDER PART NO. 


SE5534H 
SE5534AH 

NE5534H 
NE5534AH 


sipnntis 


resistors are used, large currents will flow if the differential input voltage exceeds 0.6V. 
Maximum current should be limited to +10mA. 

2. For operation at elevated temperature T package must be derated based on a thermal р; 
resistance of 150° C/W junction to ambient, 45° C/W junction to case. Therma! 
resistance of the N package is 240°C/W junction to ambient. 

3. Output may be shorted to ground at Vs = * 15V, TA -25%С. Temperature and/or supply 
voltages must be limited to ensure dissipation rating is not exceeded. 


Supply voltage +22 b 
Input voltage +V supply Й 
Differential input voltage’ +.5 9 
Operating temperature range d 
ЗЕ 5534/5534А -55 10 +125 Е 
NE5533/5533A/5534/5534A 0 to 70 | 
| Storage temperature -65 to +150 
Junction temperature 150 
Power dissipation at 25°C? |. 
| 5533N 5534N 500 А | 
| 5534Т 800 
| Output short circuit duration? indefinite 
| Lead temperature 300 1 
(soldering 10 sec) : 
| NOTES % 
| 1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting қ 


DC ELECTRICAL CHARACTERISTICS тА = 25°C, Vs = +15V unless otherwise specified.1.2 


NE5533/5533A 
SE5534/5534A 
PARAMETER TEST CONDITIONS | sessaarssaaa | 5534/5534A 


rf DERE 


ів Input current 2 
Over temperature | 


їсс Supply current 


Per op amp Over temperature 


Vom Common mode input range 
CMRR Common mode rejection ratio 
PSRR Power supply rejection ratio 


. у Ri = 6000, Мо = +10V 
А L | volt : 
voL arge signal voltage gain Over temperature | 


А Ri = 6000 
V Output swin 
от P У Ri > 6000 Vs = +18\ 
Rin Input resistance 
Isc Output short circuit current 


NOTES | 


1. For NE5533/5533A/5534/5534A, Тим = 0°C. Tmax = 70°C 
2. For SE 5534/5534A, Тум = —55*C, Tmax = +125°C 


Si}N0tics 45 


NE/5533/5533A-N,FeNE /SE5534/5534A-N,H 


т AC ELECTRICAL CHARACTERISTICS Ta = 25°С, Vs = 15V unless otherwise specified. 
SE5534/5534A 


wold m 
© б 
5 егјајвојвв зз [sg 


PARAMETER TEST CONDITIONS 


Av = 30dB closed loop 


Rour Output resistance 
{= 10kHz, RL = 6000, Cc = 22pF 


Transient response Voltage follower, Мм = 50mV 
Ві =6000, Cc = 22pF, С: = 100pF 
TR Rise time 
Overshoot 


Transient response Vin = 50mv, Ri = 6000 
Cc = 47pF, С; = 500pF 


f = 10kHz, Сс-0 
f = 10kHz, Cc = 22pF 


Gain bandwidth product Cc = 22pF, Сі = 100pF 


Сс=0 
Cc = 22pF 


Power bandwidth Vout = +10V, Cc = 0 
Vout = +10%, Cc = 22pF 
Vout = +14V, RL = 6000 
Cc = 22pF, Усс = +18V 


| има | тетсоотов | ДЕСІ лг 
PARAMETER TEST CONDITIONS | Max | UNIT 
Жаа. а fo = 30Hz 
nput noise voltage fo = tkHz 


Е fg = 30Hz 
Broadband noise figure f = 10Hz — 20kHz, Rg = 5kQ 


Rise time 
Overshoot 


TR 
- AC Gain 


E 
< 
9 


о 
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FEATURES 


Turn off time less than 2us 

Maximum operating frequency greater 
than 500kHz 

Timing from microseconds to hours 
Operates in both astable and monostable 
modes 

High output current 

Adjustable duty cycle 

TTL compatible 

Temperature stability of 0.005% per °C 
SE555 Mil std 883A,B,C available M38510 
(JAN) approved, M38510 processing 
available. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage 


5Е555 
МЕ555, 5Е555С, 


Power dissipation 
Operating temperature range 


МЕ555 
52555, 5Е555С 


Storage temperature range 
Load temperature (soldering, 60sec) 


EQUIVALENT SCHEMATIC 


THRESHOLD 
“о 


TRIGGER 
2 


RESET 
40 


DISCHARGE 
7 О 
GND 


PIN CONFIGURATIONS 
N PACKAGE 


GROUND cc 
TRIGGER DISCHARGE 
OUTPUT THRESHOLD 


CONTROL 
VOLTAGE 


RESET 


APPLICATIONS 


Precision timing 

Pulse generation 
Sequential timing · 

Time delay generation 
Pulse width modulation 
Pulse position modulation 
Missing pulse detector 


RATING UNIT 


0 to +70 
-55 to +125 
-65 to +150 
300 


sinntips 


F,N-14 PACKAGE 


Ұсс 
NC NC 
TRIGGER DISCHARGE 
OUTPUT NC 
NC THRESHOLD 


NC 


CONTROL 
VOLTAGE 


H PACKAGE 


Усс 


сяоумо / () Ф [9] 


TRIGGER [O] 


DISCHARGE 


THRESHOLD 


CONTROL 


OUTPUT 
VOLTAGE 


123 | 


жө” 


5Е555Ғ,Н,М,М-14 е SE555C,F,H,N,N-14 е МЕ555Ғ,Н,М,М-14 


DC ELECTRICAL CHARACTERISTICS ТА = 25°C, Voc = +5V to +15 unless otherwise specified. 


PARAMETER 


Supply voltage 
Supply current (iow state)? 


Timing error (monostabie) 
Initial! accuracy? 
Drift with temperature 
Drift with supply voltage 


Timing error (astable) 
Initial accuracy? 
Drift with temperature 
Drift with supply voltage 


Control voltage level 


Threshold voltage 


Threshold current3 
Trigger voltage 


Trigger current 
Reset voltage4 


Reset current 
Reset current 


Output voitage (low) 


SE555 NE555/SE555C 


TEST CONDITIONS Min | Typ | Max | Min 


Усс = 5У RL == 

Voc = 15V В; = e 
ВА = 2Kf to 100KN 
C= O.1uF 


Ra, Re = 1КО to 100К0 
С = 0.1иР 
Voc = 15V 


Усс = 15V 
Усс = 5V 
Voc = 15V 
Voc = 5V 


Усс = 15V 
Voc = 5V 


VrRIG = ОМ 


VRESET = ОМ 


Output voltage (high) 


Turn off times 

Rise time of output 

Fall time of output 
Discharge leakage current 


NOTES 


1. Supply current when output high typically 1mA less. 


2. Tested at Усс = 5V and Усс = 15V. 

3. This will determine the maximum value of Ra + Вв, for 15V operation, the max total 
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm. 

4. Specified with trigger input high. 

5. Time measured froma positive going input pulse from 0 to 0.ВхУсс into the threshold 
to the drop from high to low of the output. Trigger is tied to threshold. 
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Усс = 15V 
Isink = 10mA 
isink = 50mA 
IsiNK = 100mA 

tsink = 200mA 

Vcc = 5V 
{мк = 8mA 
Isink = 5mA 

Vcc = 15V 


Isource = 200mA 
Isource = 100mA 
Усс = 5V 
IsouncE = 100mA 


VRESET = Усс 


sinntics 


FEATURES 


* Timing from microseconds to hours 

* Replaces two 555 timers 

* Operates in both astable and monostable 
modes 

High output current 

Adjustable duty cycle 

TTL compatible 

Temperature stability of 0.005% per °C 
SE566 MIL STD 883A, B, C available, 
N38510 (JAN planned, 38510 processing 
avallable). 


APPLICATIONS 


Precision timing 
Sequential timing 
Pulse shaping 

Pulse generator 
Missing pulse detector 
Tone burst generator 
Pulse width modulation 
Time delay generator 
Frequency division 
Industrial controls 
Pulse position modulation 
Appliance timing 
Traffic light control 
Touch tone encoder 
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BLOCK DIAGRAM 


EQUIVALENT SCHEMATIC 


sirnntics 


SE556N,F e NE556F,N е 5Е556С,Ғ,М 


PIN CONFIGURATION 


F,N PACKAGE 


DISCHARGE [1 | 


THRESHOLD [2 | 


CONTROL 

VOLTAGE Ей 
CONTROL 
VOLTAGE 


TRIGGER [ 6 | 


| 8 | TRIGGER 


‘ee 


DISCHARGE 


(Shown for one circuit only) 


CONTROL VOLTAGE 


SE556N,F е NE556F,N е 5Е556СЕ,М “ж 
АА 
M 
МА. 
Supply voltage | 
52556 +18 i | 


NE556, SE556C, +16 
Power dissipation 600 
Operating temperature range 

NE556 0 to +70 | C 

SE556, SE556C -55 to 4125 
Storage temperature range -65 to +150 
Lead temperature +300 

(Soldering, 60 sec) 


PARAMETER TEST CONDITIONS 


Supply current (low state)! Vec = 5V RL = = 
Voc = 15V В; = > 


Timing error (monostable) ВА = 2КО to 100к0 
Initial accuracy2 С =0.1pF 

Drift with temperature 

Drift with supply voltage 


Timing error (astable) 
Initial accuracy? 
Drift with temperature 
Drift with supply voltage 


Control voltage level Vcc = 15V 
Vec = 5V 


Ra, Вв = 1КО to 100k0 
С=0.1нЕ 
Vcc = 15V 


TP 


o 

Qo 
о ©; 
бое 


10.0 
3.33 


1.5 
90 
0.15 

EU 


Threshold voltage Усс = 15V 9.4 10.6 8.8 
Vcc = 5V 2.7 4.0 2.4 
Trigger voltage 4.8 5 Ü 
1.45 1.67 T 
Trigger current 0.5 


Reset voltage5 
Reset current 
Reset current 


VREsET = ОМ 


Output voltage (ом) Vcc = 15V 
IsiNK = 10mA 
Isink = 50mA 
Isink = 100mA 
Ісімк = 200mA 
Vcc = 5V 
IsiNK = 8mA 


Isink = 5mA 
Vcc = 15V 
IsouncE = 200mA 
IsouRcE = 100mA 
Vece = 5V 
IsouncE = 100mA 


Output voltage (high) 


Rise time of output 
Fall time of output 
Discharge leakage current 


Matching characteristics4 
Initial accuracy? 
Drift with temperature 
Drift with supply voltage 
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ANALOG 
DEVICES 


FEATURES 
complete 8-Bit DAC 

voltage Output — 2 Calibrated Ranges 
internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 

Full Microprocessor Interface 

Fast: Лиз Voltage Settling to t1/2LSB 

Low Power: 75mW 

No User Trims 

Guaranteed Monotonic Over Temperature 

All Errors Specified Tmin to Tmax 
Small 16-Pin DIP Package 

Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 


pRODUCT DESCRIPTION . * 

The AD558 DACPORT is a complete voltage-output 8-bit 
Aiital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
еп е monolithic chip. No external components or trims are 


sequired to interface, with full accuracy, an 8-bit data bus to 
an analog system. 


The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
plemented with integrated injection logic (12L), an extreme- 
у dense and low-power logic structure that is Process-compat- 
ble with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit* 
which permits full-accuracy performance оп a single +5V to 
*15V power supply. Thin-film silicon-chromium resistors 
provide the stabilizy required for guaranteed monotonic op- 
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factory ro 
within £1 LSB; thus по user-trims for gain or offset are re- 


quired. A new circuit design provides vol tage settling to 
*1/2LSB for a full-scale step in Ips, 


The Ар558 is available in four performance grades and two 
package types. The AD558] and К аге specified for use over 
the Ото +70°C temperature range and are available in either a 
16-рт hermetically-sealed side-brazed ceramic DIP or a lower- 
cost 16-pin plastic DIP. The ADS58S and T grades are speci- 
fied for -55°C to +125°C operation and the hermetically- 


sealed ceramic package is standard. Processing to MIL-STD- 
883, Class B is optional on S and T grades. 


"Covered by U.S. Patent No. 3,887,863. 


\ 


2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 


. UAGPURT' 
Low Cost Complete 
4P- Compatible: 8-Bit DAC 


ADb558 SINGLE SUPPLY “DACPORT” 


PRODUCT HIGHLIGHTS 

1. The 8-bit I2L input register and fully microprocessor- 
compatible control logic allows the AD558 to be directly 
connected to 8- or 16-bit data buses and operated with 


standard control signals. The latch may be disabled for 
direct DAC interfacing. 


* brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac- 
curacy over the operating temperature range. 


3. The inclusion of a precision low-voltage band-gap reference 


4. 


eliminates the need to specify and apply a separate refer- 
ence source. 


The voltage-switching structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56\ or OV to 
+10V output ranges, selectable by pin-strapping, Circuitry 
is internally compensated for minimum settling time on 


both ranges; typically settling to + 1/2LSB for a full-scale 
2.55 volt step іп 700ns, 


- The Ар558 is designed and specified to operate from a 


single *4.5V to +16.5V Power supply. 


- Low digital input currents, 1004A max, minimize bus 


loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Усс range. 


(continued on page 9-16) 
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SPECIFICATIONS (typical @ TA = +25°C, Усс = 45V to *15V unless otherwise specified) ` 3 A 


MODEL ` А0558] AD558K Ар5585! ADSSST! | 
RESOLUTION 8 Bits М М * P| 
RELATIVE ACCURACY? , oou: 
0 to +70°C s +1/2LSB max +1/4LSB max . ... 24 
=55°C to +125°C - = Е +3/4LSB max +3/8LSB my 
OUTPUT : я — 
Ranges OV to +2.56V Ы Ы . 
OV to «10V 3 * * . 
Current, Source D *5mA е +5тА тіп еее 
Sink Internal Passive * M * 


Pull-Down to Ground^ 


OUTPUT SETTLING TIMES 


Ю to 2.56 volt range 
0 to 10 volt range 


FULL SCALE ACCURACY 


0.8us (1.5џ5 max) M M | ы 
2.05 (3.Ои5 max) os , Ж 


@ 25°C *1.5LSB (40.6%) max +0.5LSB (+0.2%) max * | ig 

Tmin to Tmax +2.5LSB (+1.0%) max +1LSB (40.4%) тах * ve 
D "2 9ке ө =” а с а АСЕ. 
ZERO ERROR 

@ 25°C а +1LSB max +1/2LSB max ш е9 

Tmin t0 Tmax +2LSB max +1LSB max * и 


та пани 
MONOTONICITY$ 
. * ”. » 


Ti to Triax . Guaranteed | : 
м 
DIGITAL INPUTS 

Tmin 10 Tmax 


Input Current *1004A max * ы i 
Data Inputs, Voltage 
Bit On — Logic “1” 2.0V min ы Е A 
Bit Off — Logic “0” 0.8V max . d Ы Ы 
Control Inputs, Voltage 
On — Logic “1” 2.0V min 1 ? Ы Ы 
Off — Logic “0” 0.8V max Ы а М 
TIMING? | 
Tmin tO Tmax 
tw (Strobe Pulse Width) '100ns min * Ы т 
трн (Data Hold Time) 10ns max 5 је * 
tps (Data Set-Up Time) 100ns min Р й * 


POWER SUPPLY 
Operating Voltage Range (Усс) 


2.56 Volt Range *4.5V to +16.5V Ы Е Е 
10 Volt Range +11.4У to +16.5У mi B 
Current (їсс) 15mA typ, 25mA max * е . 
Rejection Ratio . 0.03%/% max * ы ы 
POWER DISSIPATION, Усс = 5V 75mW (125mW max) М . . 
Усс =15У 225mW (375mW max) * “ : А 
OPERATING TEMPERATURE 
RANGE { 
Tmin oc 5; -55°С s.. 
Teik +70°C Ы +125°С ts 
NOTES р 


‘The AD558S and Ар5587 are available fully processed and screened to the requirements of “Specifications same as AD558J. 
MIL-STD-883, Class B. A complete description is given on page 9-16 of this data sheet. Order **Specifications same as А0558К, 
AD558SD/883B or AD558TD/883B. ***Spccifications same as А05585. 

? Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to the full scale of the device. 

3 Operation of the Ото 10 volt output range requires a minimum supply voltage of +11.4 volts. 

^ Passive pull-down resistance is 2k. for 2.56 volt range, 10k for 10 volt range. 

5 Settling time is specified for a positive-going full-scale step. Negative-going steps to zero are 
slower, but can be improved with an external pull-down. See page 9-19 of this data sheet for details. 

© A monotonic converter has a maximum differential linearity error of +11.58. 

7 See Figure 8, page 9-18. E 


Specifications subject to change without notice. 
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power Dissipatio 
Storage Tempers 
N (plastic) 

D (ceramic 

Lead Temperatu 
Thermal Resistar 
Junction to 2 

N (plastic) 

D (ceramic 


Figut 


D (C 


он папя 


CHIP AVAILABILITY | 
The AD558 is available in laser-trimmed, passivated chip form. | 
GM fodstound. -.. t usus. .......... OVto«18V Figure 2 shows the AD558 metalization pattern bonding pads 
ИЙ базарі 1-10) га... Ts on cs 1...0 to МОЕ and dimensions. All four grades are available with guaranteed 
pe И еу, .. Indefinite Short to Ground temperature specifications from +25 С to Tmax- Consult the 
VoUT * factory for details. | 


Momentary Short to Усс 
power Рачрапоп.........-..... In E 450mW 


grorage Temperature Range 


N (plastic) Package ......:..-...-25 C to +100°C 
D (ceramic) Package. ............ -55°С to +150°C 
1224 Temperature (soldering, 10 second)... ss sa emi 300°C 
Thermal Resistance 
Junction to Ambient (Junction to Case) 
N (plastic) Package .............. `. .140(55) C/W 
D (ceramic) РасКаре............... .100(30)^ C/W 


Figure 2. AD558 Chip Bonding Diagram 
(Dimensions shown in inches and (тт)) 


ТОР VIEW 


Figure 1. AD558 Pin Configuration 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


D (CERAMIC) PACKAGE N (PLASTIC) PACKAGE 


тт! ЕМА 


on аот max a p ud 
=== => з АЕ. E f 
: к T je [ae TR 1 es | 


luc т «феі bcr | ore ю 48] 00306 ons 4 
ew сол ос Жы i-o Є 
ом, юм т au ра. 
eee AD558 ORDERING GUIDE | 
... У 
| Relative Accuracy Full-Scale i 
| Error Мах Error, Max 1 
5% Model Package Temperature Tmin (0 Tmax Tmin 10 Tmax f 
D5585. AD558JN Plastic Ото +70°С +1/2LSB +2.5LSB ж 
inge without notice. AD558KN Plastic 0 to +70°C +1/4LSB +1LSB Hes 
AD558]D Ceramic 0 to +70°C +1/2LSB _ *2.5LSB 
, ADSS8KD Ceramic 0 to +70°C +1/4LSB +1LSB B 
А055850 Сегатіс -55°C to +125°C +3/415В +2.5LSB E-1. 
ADS58SD/883B Ceramic -55°C to +125 С +3/4LSB +2.5LSB 
AD558TD Ceramic -55°C to +125 С +3/8LSB ‚ #1158 
AD558TD/883B Ceramic -55°C to +125°C +3/8LSB +1LSB 
D/A CONVERTERS 9-15 


(continued from page 9-13) 

7. Тһе single-chip, low power 121. design of the AD558 15 
inherently more reliable than hybrid multi-chip or con- 
ventional single-chip bipolar designs. The А05585 and T 
grades, which are specified over the -55°C to +125°C 
temperature range, аге. avajlable fully processed to 
MIL-STD-883, Class В. * 


8. All AD558 grades arc available i in chip form with guar- 
anteed specifications from +25°C to Tmax- MIL-STD-883, 
Class B processing is standard on Analog Devices bipolar 
chips- Contact the factory for additional chip information. 


CIRCUIT DESCRIPTION 

The AD588 consists of four major functional blocks, fabri-- 
cated on a single monolithic chip (see Figure 3). The main 

D to A converter section uses eight equally-weighted laser-trim- 
med current sources switched into a silicon-chromium thin- 
film R/2R resistor ladder network to give a direct but unbuf- 
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPs; this allows direct positive-voltage 
logic interface and a zero-based output range. 


CONTROL DIGITAL INPUT DATA 

"as d аза m 

ЕЗІ ат Deo 081 082 OM све De 086 D87 “Vcc GND бмр 
Y Y TYYYYYYIlY 


PL LATCHES 


OUTPUT 
АМР 
В ВТ VOLTAGE SWITCHING 
ОТО Ад CONVERTER OUT 
Ee Vou SENSE 
Vour SELECT 


Figure 3. AD558 Functional Block Diagram 


The high-speed output buffer amplifier is operated in the non- 
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application ' 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 
two output ranges, OV to 2.56V and OV to 10V. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 
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. 3) Temperature Cycling 


The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 ~ 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 

may be operated from a single, low-voltage logic power supply 


The microprocessor interface logic consists of an 8-bit data. Ы 


latch and control circuitry. Low-power, small geometry and 
high-speed are advantages of the 121, design as applied to this 
section. 121. is bipolar process compatible so that the perform- 
ance of the analog sections need not be compromised to pro- 
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad- 
dress and write signal. If the application does not involve a 


‚ HP or data bus, wiring CS and CE to ground renders the latches 


“transparent” for direct DAC access. 


MIL-STD-883 

The rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD558, with the inherent reliability 
of integratcd circuit construction, was designed with these 
applications in mind. The available hermetically-sealed, low 
profile DIP package (“D” suffix) takes up a fraction of the 
space required by equivalent modular designs and protects 
the chip from hazardous environments. To further ensure 
reliability, military-temperature range AD558 grades S and T 
are available 100% screened to MIL-STD-883, Class B, method 
5004. Table 1 details the test procedure. 


TEST METHOD 


1) Internal Visual 
(Pre cap) 


Method 2010, Test Condition B 


Method 1008, 24 hours @ +150°C 


Method 1010, Test Condition C, 
10 Cycles, 65°C to +150 С 
Method 2001, Test Condition E, 
Y1 planc, 30kg 


Method 1014, Test Condition A 
and C 


Method 1014, Test Condition B, 
160 hours € +125°С min 


Performed 100% to all min and 
max dc specifications on data pages. 


Method 2009 


2) Stabilization Bake 


4) Constant Acceleration 
5) Seal, Fine and Gross 
6) Burn-in Test 

7) Final Electrical Tests 


8) External Visual 


Table 7. MIL-STD-883, Class B Test Procedures 


E 


CONNECTING 
The AD558 ha: 
reference, outp 
internally. In ac 
the factory asst 
only connectio 
single jumper t 
poard layout is 
one side of the p 


Figure 4 shows 
The OV to 2.56 
power supply b 
range requires a 
Because of its p 
tended to be of 
therefore no pr 
If а small incre: 
complished by | 
buffer. A resist 
output range. 
For example if 
= 1LSB), а поп 
remembered th 
match and tracl 
typically +20% 
(0 to -100ppm 
is performed. F 
full-scale outpu 
shown аге nom 
NOTE: Decrea 
GND will not u 
rents in GND. / 
recommended | 


Figui 


TIMING AND CONTROL Figure 8 shows the timing for the data and control signals; 
The AD558 has data input latches that simplify interface to CE and CS are identical in timing as well as in function. 
B- and 16-bit data buses. These latches are controlled by Chip ; : | : 
; VALID | | маме! 
Enable (CE) and nd Chip Select (CS) inputs, » pins 9 and 10 respec- DATA 2 м DATA | OPTIMIZING 5 
tively. CE and CS аге internally "NORed" so that the latches V d 
TF А A P Ac DATA In order to provi 
transmit input data to the DAC section when both CE and CS INPUTS А ut voltage r 
are at Logic “0”, If the applicdtion does not involve a data a үлды, i 
bus, а “00” condition allows for direct operation of the DAC. p mor E. 
When either CE or CS go to Logic “1”, the input data is ГЕ ы n 
mp into the registers and held until both CE and CS return рр, 
ЗЫ: әлелде тз у A m Row e cud 4 «кр У ВН а 4-----------.-1---- and capacitance 
0". (Unused CE or CS i inputs should be tied to ground.) 1 ative-going s 
The truth table is given in Table 11. The logic function is also р i od ase fe 
shown in Figure 7. ' in Figure 10. Th 


а = zero voltage out 
— — Latch ty © Strobe рите width 
Input Data CE cs DAC Data Condition ton = Duta hold time 
tos = баш mtup time 
0 0 0 0 "transparent" неу " DAC output settling time to #172058 | 
1 0 0 1 "transparent" Figure 8. AD558 Em 
о 1 "0 0 latching 
1 J 0 1 latching USE OF Уоџт SENSE 
0 0 ү 0 latching Separate access to the feedback resistor of the output ampli- 
' 1 0 f 1 latchi fier allows additional application versatility. Figure 9a shows 
. ИЕ how I X R drops in long lines to remote loads may Бе cancelled Fig 
x 1 x previous data latched by putting the drops “‘inside the loop". Figure 9b shows how У 
X X 1. previous data latched the separate sense may be used to provide a higher output cur- 
rent by feeding back around a simple current booster. BIPOLAR OUTI 
Notes: X = Does not matter The AD558 was 


Т = Logic Threshold at Positive-Going Transition supply and is thi 


Vout +2.56 and OV to 

Table Il. AD558 Control Logic Truth Table сутон | available, bipola! 
output offsertinj 

volt output rang: 


INPUT DATA ply is available. 7 


1.2 volt referenc 
Тһе AD544 out 


а / \ | / a. Compensation for | x R Drops in Output Lines volt output swin 


| | tary offset binar 
U 
Џ 


Figure 7. AD558 Contro! Logic Function 


b. Output Current Booster 


| Figure 9. Use of Крит sense 


Figure 11. Вір( 


INTERFACING 
` BUSES* 
The А0558 is са 
in memory that 
memory locatior 
allows data prev: 
later via the RA 
сићег ROM or 
popular microp 


74 
м2 
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DESCRIPTION 

The NE564 is a versatile, high frequency 
Phase Locked Loop designed for operation 
up to 50MHz. As shown in the block diagram, 
the NE564 consists of a VCO, limiter, phase 
comparator, and post detection processor. 


APPLICATIONS 

* High speed modems 

e FSK receivers and transmitters 
• Frequency synthesizers 

е Signal generators 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Supply voltage 


tstg Storage temperature 


BLOCK DIAGRAM 


Pin 1 
Pin 10 
Pp Power dissipation 
TA Operating temperature NE 


Operating temperature SE 


FEATURES 

Operation with single 5V supply 
TTL compatible inputs and outputs 
Operation to 50MHz 

External loop gain control 
Reduced carrier feedthrough 

No elaborate filtering needed in FSK 
applications 

Can be used as a modulator 
Variable loop gain (Externally 
Controlled) 


RATING 


01070 
—55 to +125 
—65 10 150 


POST DETECTION 


si]nntibs 


SE/NE564-N,I 


PIN CONFIGURATION 
№ PACKAGE 


ORDER PART NO. 
SE/NE564 


FUNCTIONAL DESCRIPTION 

The МЕ564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op- 
timized device geometries extends the fre- 
quency of operation to greater than 50MHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 


The output voltage of the PLL can be written 
as shown in the following equation: 


(tin ~ fo) 


Кусо 


Vo = Equation 1 


Кусо = conversion gain о the VCO (see figure 7) 
= frequency of the input signal 


fin 
= free running frequency of the VCO 


fo 


The process of recovering FSK signals in- 
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 
avoid the use of complicated filters, a com- 
parator with hysterisis or Schmitt trigger is 
required. With the conversion gain of the 
VCO fixed, the output voltage as given by 
Equation 1 varies according to the frequen- 
cy deviation of fin from fo. Since this differs 
from system to system, it is necessary that 
the hysterisis of the Schmitt trigger be ca- 
pable of being changed, so that it can be 
optimized for a particular system. This is 
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PHASE LOCKED LOOP 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


Maximum VCO frequency 


TEST CONDITIONS 


Lock range Input = 


Input = 


200mVrms, Ta = 25°C 


200mVrms, R2 = 270 


= 125°C 
= —55°С 
= 0°С 

= 70°С 


—— SE/NES4 


SE/NE564-N,I 


V+ = SV, TA = 25°C, fo = 5MHz, ІҢ = —20044A unless otherwise specified. 
Test Circuit: Figure 1 


= 1000 


Capture range 


VCO frequency drift with 
temperature 


VCO frequency change with 
supply voltage 
Demodulated output voltage 


Linearity 


Signal to noise ratio 
AM rejection 


Supply current 
Leakage current 
Output current 


Supply voltage 


accomplished in the 564 by varying the volt- 
age at pin 15 which results in a change of 
the hysterisis of the Schmitt trigger. 


For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the devi- 
ation in fin itself may be less than the 
change in fo due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 


VCO Section 

Due to its inherent high frequency pertorm- 
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equi- 
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їо = 5MHz, TA = —55°С to 125°C 


fo = 500kHz, TA = —55*C to 125°C 


V+ = 4.5V to 5.5V 


Modulation frequency: 1kHz, fo — 5MHz 
Input deviation: 10%, T = 25°C 


Deviation: 196 to 896 


= 0°С to 70°C 


O*C to 70°C 


1%, T = 25°C 
T 


valent schematic, transistors 021 and О23 
with current sources 025—026 form the ba- 
Sic oscillator. The free running frequency of 
the oscillator is shown in the following equa- 
tion: 


1 
= 
9 16R;C; 


Ас = Rig = Rog = 1000 (INTERNAL) 
С, = external frequency setting capacitor 


Equation 2 


Variation of Vq (phase detector output volt- 
age) changes the frequency of the oscilla- 
tor. As indicated by Equation 2, the frequen- 
cy of the oscillator has a negative 
temperature coefficient due to the positive 
temperature coefficient of the monolithic re- 
sistor. To compensate for this, a current In 
with negative temperature coefficient is in- 
troduced to achieve a low frequency drift 
with temperature. 


Phase Comparator Section 


The phase comparator consists of a double 
balanced modulator with а limiter amplifier 


sinnntips 


PPM/*C 


to improve AM rejection. Schottky сјатред 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in Q4 and Q45 which 
effectively changes the gain of the differen- 
tial amplifiers. This can be accomplished by 
introducing a current at pin 2. 


Post Detection Processor 


Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK sig- 
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad- 
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 


As shown in the equivalent schematic, the 
dc retriever is formed by the transductance 
amplifier Q45—Q43 together with an exter- 
nal capacitor which is connected at the am- 


eut ear 


NS Sos 


LOCKED LOOP 


пе питање тате 


SE/NE564 
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plifier output (pin 14). This forms an integra- 
tor whose output voltage is shown in the 
following equation: 


Әт 5 
Уот с; Vindt Equation 3 
От = transconductance of the amplifier 
Co = Capacitor at the output (pin 14) 
Vin = Signal voltage at amplifier input 


With proper selection of Co, the integrator 
time constant can be varied so that the out- 
put voltage is the dc or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 


The comparator with hysterisis is made up 
of Од9-050 with positive feedback being 
provided by Q47—Qag. Тһе hysterisis is 
varied by changing the current іп О52 with a 
resulting variation in the loop gain of the 
comparator. This method of hysterisis con- 
trol, which is a dc control, provides symmet- 
ric variation around the nominal value. 


EQUIVALENT SCHEMATIC 


ы 
~ Q 


a 
(= 
LA 


nQ——— 


ШЕ 
= 


22-5 
TEIL 


Design Formula 
The free running frequency of the VCO is 
shown by the following equation: 


1 
(б = ——— i ; 
от 16861 in Hz Equation 4 
Re = 1000 
C, = external cap in farads 
The loop filter diagram shown is explained 
by the following equation: 


1 


F(s) = ———— i 
(s) 14 SRCA Equation 5 


В = R42 = Вуз = 1.3kQ (INTERNAL) 
By adding capacitors to pins 4 and 5, two 
poles are added to the loop transfer function 


ао = === 


RC3. 


FM DEMODULATOR 
The NE564 can be used as an FM 
demodulator. The connections for operation 


PHASE т | 
COMPARATOR 


LI 
ocarmerven |17 смит таюся 
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at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signa! being extracted at pin 
14. Loop filtering is provided by the capaci- 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signa! the frequency deviation in the 
input signal should be fairly high (1% or 
higher). 


MODULATION TECHNIQUES 

The NE564 phase locked loop can be modu- 
Jated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6) as shown in 
figure 4. The approximate modulation fre- 
quency can be determined from the frequen- 
су conversion gain curve shown in figure 5. 
This curve will be appropriate for signals 
injected into pins 4 and 5 as shown in 
figure 4. 
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PRELIMINARY DATA 


| Distinctive Characteristics 


Ы Тһе Am592 апа Am592C differential video amplifiers € 
are functionally, electrically and pin-for-pin equivalent 


to the Signetics 52592 and NE592. 
e Bandwidths: 40 to 120 MHz 
e Rise times: 2.5 to 10 ns 
| e Propagation delay: 3.6 to 10 ns 
e 


100% reliability assurance testing in compliance with 


MIL-STD-883A 


FUNCTIONAL DESCRIPTION 


The Am592/Am592C is a monolithic, two stage, differential 
output, wideband video amplifier. It offers fixed gains of 100 
and 400 without external components and adjustable gains 
from 400 to 0 with one external resistor. The input stage has 
been designed so that with the addition of a few external 
reactive elements between the gain select terminals, the circuit 
can function'as a high pass, low pass, ог band pass filter. This 
feature makes the circuit ideal for use as a video or pulse 
amplifier in communications, magnetic memories, display and 
video recorder systems. 


ORDERING INFORMATION 


Package Temperature Order 
Range Number 


0°C to +70°C АМ592НС 

0°C to +70°C АМ5920С 

Molded DIP 0°С to +70°C АМ592РС 
Dice 0°C to +70°C LD592C 


TO-100 -55°C to +125°C АМ592НМ 
DIP -55°C (о +125°C АМ5920М 
Dice -55°C ta +125°C 10592 


Am592C 


Electrically tested and optically inspected dice for 
hybrid manufacturers 

120 MHz bandwidth 

Adjustable gains from 0 to 400 

Adjustable pass band 

No frequency compensation required 

Available in metal can, hermetic dual-in-line or plastic 
dual-in-line packages 


CONNECTION DIAGRAMS 


Top Views 


Dual-In-Line Metal Can 


[ JouTPut т 


Note: On Metal Can, pin 5 is conneted to case. 


Metallization and Pad Layout 


DIE SIZE 41 X 41 mils 


" 


Am592 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage = É %8у 
Differential Input Voltage | Е р КЕШЕ 3 
Common Mode Input Voltage | " 36V 
Output Current " 10тА 
Operating Temperature Range А 

Ат592 -55°C to +125°¢ 

Am592C 0 Сто + 70°С 
Storage Temperature Range -65°C to +150°С 
ELECTRICAL CHARACTERISTICS Standard Conditions (TA = +25°C, Vg = +6V, УСМ = 0 unless otherwise specified) 

; Am592C Am592 
Conditions Min. Typ. Max. Min. Тур. Max. Units 


Parameter 


Differential Voltage Gain я 
: Gain 1 Note 1 
Bandwidth 
Gain 2 Note 2 
ee ae 
Note 2 


T 
И. | Gain 2 | Note2 | 


nput Resistance 
Геи? | мае? | 


Input Capacitance Gain 2 | кое2 |] __________ 
Input Offset Current 5 
Input Bias Current 


Input Voltage Range 


Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Output Offset Voltage 


Output Common Mode Voltage 


RL = 2ко, VouT = 3V ep 


VouT = 1V p-p 


Vour= ТУР 


w 


N 


ш> Б Eg 
olo alo 


Output Voltage Swing 


Output Resistance 


Power Supply Current 


Recommended Operating Supply Voltage (Vs = *6.0V) 

Notes: 1. Gain select pins бұд and G4g connected together. 
2. Gain select pins G5 4 and Gog connected together. 
3. АП gain select pins open, 
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$6522 Versatile Interface Adapter (МА). 
Features 


Two 8-Ви Bidirectional 1/0 Ports 

Two 16-Bit Programmable Timer/Counters 

Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS-Compatible Peripheral Port A Lines 
Expanded “Handshake” Capability Allows Positive 
Control of Data Transfers Between Processor and 
Peripheral Devices 

Latched Output and Input Registers 

1 MHz and 2 MHz Operation 


Ordering Information 


Order Package Clock 
Number Type Rate 


SYC 6522 Ceramic 
SYP 6522 Plastic 
SYC 6522A | Ceramic 
SYP 6522A | Plastic 


Block Diagram 


INTERRUPT 
CONTROL 


INPUT LATCH 


ENABLE BUFFERS Au 
(IER) (PA) PORTA 
DATA DATA DIR. 
BUS e (DDRA) 
BUFFERS 


PORT A REGISTERS 
PERIPHERAL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


HANDSHAKE 


CONTROL 
LATCH "LATCH. 


т-н) Т11- 
. чер энт пес. |- —] 
| 
COUNTER : COUNTER (SRI 
(T1C-H) (T1C-L) 
| 
TIMER 1 PORT B REGISTERS 


Synertek 


TIMER 2 INPUT LATCH 


LATCH 
(T2L.L) 


BUFFERS E 
(РВ) К Ports 1 
COUNTER ! COUNTER í 


(т2С-н) |  (T2CL) DATA DIR. 


(DDRB) 


MICROPROCESSOR 


— SYNERTEK' INC. ® Г.О.ВОХ552-- М5/34 е  SANTACLARA.CA95052 ө TEL.(408)988-5600 е TWX. 910- 
1333 For Extended Temperature Range, see Page 1348. єс 


"кек Diagram 
| 


On-chip baud rate generator: 15 programmable baud 
ates derived from a standard 1.8432 MHz external 
erystal (50 to 19,200 baud). 

Programmable interrupt and status register to simpli- 
fy software design. 

| Single +5 volt power supply. 

| Serial echo mode. 

false start bit detection. 


з 
Ordering information 


| SYC6551 Ceramic 
| SYP6551 Plastic 

SYC6551A Ceramic 
| SYP6551A Plastic 


TRANSMIT 


REGISTER 


SELECT 


BFA HPF: 


RECEIVE 


COMMAND 
REGISTER 


S 


SYNERTEK" INC. 9 
ће MASTER 1982 


Р.О. ВОХ 552 —MS/34 ө 


TRANSMIT 
CONTROL 


TRANSMIT 
DATA SHIFT 
REGISTER 


STATUS INTERRUPT 
REGISTER LOGIC 
AND 

iod CONTROL BAUD 
REGISTER RATE 


GENERATOR 


RECEIVE 
DATA SHIFT 
REGISTER ene] REGISTER 


RECEIVE 
. CONTROL 


ynchronous Communication Interface Adapter 


SANTACLARA.CA95052 е 
For Extended Temperature Range, see Page 1348. 


8-bit bi-directional data bus for direct communication 
with the microprocessor. | 

External 16x clock input for non-standard baud rates 
(up to 125 Kbaud). | 
Programmable: word lengths; number of stop bits; 
and parity bit generation and detection. 

Data set and modem control signals provided. 

Parity: (odd, even, none, mark, space). | 
Full-duplex or half-duplex operation. 

5, 6, 7, 8 and 9 bit transmission. 


Pin Configuration 


: 21$ 


E———— Нис 


XTAL1 
XTAL2 


DTR 
ATS 
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8-BIT MICROPROCESSING UNIT 


The MC6809 is a revolutionary high-performance 8-bit microprocessor 
which supports modern programming techniques such as position in- 
dependence, reentrancy, and modular programming. 

This third-generation addition to the M6800 family has major architectural 
improvements which include additional registers, instructions, and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The MC6809 has the most complete 
set of addressing modes available on any 8-bit microprocessor today. 

The MC6809 has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. 


MC6800 COMPATIBLE 
9 Hardware — Interfaces with All M6800 Peripherals 
€ Software — Upward Source Code Compatible Instruction Set and 
Addressing Modes 


ARCHITECTURAL FEATURES 
€ Two 16-bit Index Registers 
€ Two 16-bit Indexable Stack Pointers 
€ Two 8-bit Accumulators can be Concatenated to Form One 16-Bit 
Accumulator 
• Direct Page Register Allows Direct Addressing Throughout Memory 


HARDWARE FEATURES 
€ On-Chip Oscillator (Crystal Frequency = 4XE) 
€ DMA7BREO Allows ОМА Operation on Memory Refresh 
| € Fast interrupt Request Input Stacks Only Condition Code Register 
and Program Counter 
€ MRDY Input Extends Data Access Times for Use with Slow Memory 
® Interrupt Acknowledge Output Allows Vectoring By Devices 
@ SYNC Acknowledge Output Allows for Synchronization to External 
Event 
€ Single Bus-Cycle RESET 
€ Single 5-Volt Supply Operation , 
€ NMI Inhibited After RESET Until After First Load of Stack Pointer 
€ Early Address Valid Allows Use With Slower Memories 
€ Early Write-Data for Dynamic Memories 


SOFTWARE FEATURES 
€ 10 Addressing Modes 
* 6800 Upward Compatible Addressing Modes 

Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing: 9ч 

0-, 5-, 8-, ог 16-bit Constant Offsets 

8-, ог 16-bit Accumulator Offsets 

Auto-Increment/ Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instructions with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic ђ 
Transfer/ Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


MC68B09 


(2.0 MHz) 


HMOS 


(HIGH DENSITY N-CHANNEL, SILICON-GATE) 


8-BIT 
MICROPROCESSING : 
UNIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


S SUFFIX 
CERDIP PACKAGE 
CASE 734 


FIGURE 1 — PIN ASSIGNMENT 
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MAXIMUM RATINGS 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it 15 ad- 
vised that normal precautions be taken to 


Operating Temperature Range 
avoid application of any voltage higher than 


MC6809, MC68A09, MC68B09 
MC6809C, MC68A09C, МС68В09С 


Storage Temperature Range 


maximum rated voltages to this high im- 
pedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage levels (е.0., either 


Vss ог МСС}. 


THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance 
Ceramic 
Cerdip 
Plastic 


POWER CONSIDERATIONS 


The average chip-junction temperature, TJ, in °C can be obtained from: 
Ty=TA+t (Ppe8 ЈА) (1) 
Where: 

Ta=Ambient Temperature, °C 
ө ja = Package Thermal Resistance, Junction-to-Ambient, °C/W 
РреРмт + PPORT 
Рімт-іссхУсс. Watts — Chip Internal Power. 
PpoRT = Port Power Dissipation, Watts — User Determined 

For most applications РРОВТ < РИМТ and сап be neglected. PPORT may become significant if the device is configured to 

drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT iS neglected) is: 


Рр= К + (Ту + 273°С) (2) 
Solving equations 1 and 2 for К gives: 
K = Ppe(TA + 27390) + 0 jA* Pp? (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (а! equilibrium) 
for a known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of TA. 


ELECTRICAL CHARACTERISTICS ivcc- 5.0 V £55, У55=9, 1д=0 16 70°C unless otherwise noted) 


Input High Voltage RESET 
t 


Input Low Voltage Logic, EXTAL, RESET -9. 


Input Leakage Current 
(Vin =0 to 5.25 V, Vcc = maxi 


DC Output High Voltage 


(оаа = — 205 pA, Vcc = тіп) 0007  — 
(рад = ~ 145 pA, Vcc = mini А0-А15, R/W, О, E 
(Load = — 100 pA, Vcc = min) BA, BS 


DC Output Low Voltage 
(| оад= 2.0 mA, Vcc = min) 
Internal Power Dissipation (measured at TA = 0?C in steady state operation) 


Capacitance £ 
(Vin = 0, Тд = 25°C, f= 1.0 MHz) D0-D7, RESET 
Logic Inputs, EXTAL, XTAL 


АО-А15, R/W, BA, BS 


Frequency of Operation 


(Crystal or External Input) 


Three-State (Off State) Input Current DO-D7 
(Vin = 0.4 to 24 V, Усс = тах) АО-А15, R/W 


# capacitances are periodically tested rather than 100% tested 
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FIGURE 2 — BUS TIMING 
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Ident. 
Number 


Characteristics 


[Pulse Width, оне [499 [590 | Ж [80 | 210 | 3x | ns | 
[Pulse Width, FHigh — — — | PWe аво екоо 285 [1570] 220 [15706] пе | 
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ENSE —— — — воас о 
7 _|овуттебосње — | ws [о | 20 | 10 | | 6] v5 [v — 
[Address Hold Timer (ee Noe d — — ан је БЕН ЕСЕ БЕН ЕСЕ - os 
wo [9 БЕН Е-Е БЕН ЕЕ = || 
[ w [RedoweSmTme — a A БЕН КОН БЕН ЕСІ БЕН [os |] 
[ 35 | Reed Date Heid Time —— E О = Ш-Н = | пој = ИС 
| 20 | Bata Delay Time rom —— — оо | = | OY — || [9 [s — 
Write Data Hold Time" | они | 2 = || - || — fos ] 
Usable Access Time (See Note 3! = | tcc | 6% | - [40] - |30] - [ns | 
ШЕ Processor Control Setup Time (MRDY, Interrupts, ОМА/ВВЕО, | су 200 - | мо 
HALT, RESET) (Figures 7, 9, 10, 11, 13, and 14) PCS 
|__| Crystal Oscilator Start Time (Figures 7and8) — | [100 | - | 100 | [тз | 
ШЕН Processor Control Rise and Fall Time (Figures 7 and 9) | 100 | - |тоо | 


* Address and data hold times are periodically tested rather than 100% tested. 


NOTES: A 
1. Voltage levels shown аге Vi «0.4 V, Уң > 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by: 1-4-7 max + 10-17. 

4. Hold time ( ) for BA and BS is not specified. 
5. Maximum 1сус during МАРУ or DMA/BREQ is 16 us. 
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* Internal Three-State Control 


FIGURE 4 — BUS TIMING TEST LOAD 


5.0V 
ммово > PL = 22% 
or Equiv. 
Test Point = 
е R 
MMD7000 
or Equiv. 
C = 30 pF for BA, BS R = 11.7 kQ for DO-D7 - 
130 pF for 00-07, E, О 16.5 kQ for AO-A15, Е, Q, R/W 


90 pF for А0-А15, R/W 24 КО for BA, BS 


A 
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Instruction 
Register 


PROGRAMMING MODEL 

As shown in Figure 5, the MC6809 adds three registers to 
the set available in the MC6800. The added registers include 
a Direct Page Register, the User Stack pointer and a second 
Index Register. 


ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 


DIRECT PAGE REGISTER (DP) 

The Direct Page Register of the MC6809 serves to enhance 
the Direct Addressing Mode. The content of this register ap- 
pears at the higher address outputs (A8-A15) during direct 
Addressing Instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure 6800 compatibility, all bits of this register 
are cleared during Processor Reset. 
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Y — Index Register 
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0 
ее [на мам [| CC — Condition Code Register 


INDEX REGISTERS (X, Y) 

The Index Registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used 
to point to data directly or may be modifed by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented ог 
decremented to point to the next item of tabular type data. 
АН four pointer registers (X, Y, U, S) may be used as index 
registers. 


STACK POINTER (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
stack pointers of the MC6809 point to the top of the stack, in 
contrast to the MC6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U) is 
controlled exclusively by the programmer thus allowing 
arguments to be passed to and from subroutines with ease. 
Both Stack Pointers have the same indexed mode address- 
ing capabilities as the X and Y registers, but also support 
Push and Pull instructions. This allows the MC6809 to be us- 
ed efficiently as a stack processor, greatly enhancing its abili- 
ty to support higher level languages and modular programm- 
ing. 


PROGRAM COUNTER 


The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the pro- 
cessor. Relative Addressing is provided allowing the Pro- 
gram Counter to be used like an index register in some situa- 
tions. 


CONDITION CODE REGISTER 


The Condition Code Register defines the State of the Pro- 
cessor at any given time. See Figure 6. 


FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


X — index Register 


U — User Stack Pointer 


S — Hardware Stack Pointer 


PC 
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Pointer Registers 


Program Counter 


Accumulators 


Direct Page Register 


FIGURE 6 — CONDITION CODE REGISTER FORMAT 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 


CONDITION CODE REGISTER 
DESCRIPTION 
BIT 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from sub- 
tract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


BIT 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an opera- 
tion which causes a signed two's complement arithmetic 
overflow. This overflow is detected in an operation in which 
the carry from the MSB in the ALU does not match the carry 
from the MSB-1. 


BIT 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


~ 
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BIT 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, 
a negative two's-complement result will leave N set to a one. 


BIT 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the ІНО line if this bit is set to а опе. NMI, 
ЕВО, IRQ, RESET, and SWI are set | to а one; SWI2 and 
SWI3 do not affect |. 


BIT 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
{ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decima! add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 


BIT 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRQ line if this bit is a one. 
NMi, FIRG, SWI, and RESET all set F to a one. IRG, SWI2 
and SWI3 do not affect F. 


BIT 7 (E) 


Bit 7 is the entire flag, and when set to a one indicates that - 


the complete machine state {all the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, VCC) 


Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is «5.0 V +5%. 


ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/W = 1, апа BS = O; this is a "dummy access" or 
УМА cycle. Addresses are valid on the rising edge of Q (see 
Figure 2). All address bus drivers are made high-impedance 
when output Bus Available (BA) is high. Each pin will 
drive one Schottky TTL load or four LS TTL loads, and 
90 pF. 


DATA BUS (00-07) T 


These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 


load or four LS TTL loads, and 130 pF. 


READ/WRITE (R/W) 


This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is 
high. R/W is valid on the rising edge of Q. 


RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE16 and FFFF16 
(Table 1) when Interrupt Acknowledge is true, 
(ВА • BS=1). During initial power-on, the RESET line 
should be held low until the clock oscillator is fully opera- 
tional. See Figare8. — __ 

Because the MC6809 RESET pin has а Schmitt-trigger in- 
put with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the Processor. 


HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the ВА 
output is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the Halt or Bus Grant state. While halted, the MPU will not 
respond to external real-time requests (FIRG, IRQ) although 
DMA/BREO will always be accepted, and NMI or RES ET will 
be latched for later response. During the Halt state Q and E 
continue to run normally. If the MPU is not running (RESET, 
DMA/BREO), a halted state (BAeBS — 1) can be achieved 
by pulling HALT low while RESET is still low. If DMA/BREQ 
and HALT are both pulled low, the processor will reach the 
last cycle of the instruction (by reverse cycle stealing) where 
the machine will then become halted. See Figure 9. 


BUS AVAILABLE, BUS STATUS (BA, BS) 


The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. This signal does not imply that the bus will be 
available for more than one cycle. When BA goes low, a 
dead cycle will elapse before the MPU acquires the bus. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 


MPU State MPU State Definition 


(М) MOTOROLA Semiconductor Products Inc. 


~ 


FIGURE 9 — HALT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 
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NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


Interrupt Acknowledge is indicated during both cycles ofa 
hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, SWI, 
SWI2, SWI3). This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 


Halt/Bus Grant is true when the MC6809 is in a Halt or Bus 
Grant condition. 


TABLE 1: MEMORY MAP FOR INTERRUPT VECTORS 


Memory Map For 
Vector Locations 


Interrupt Vector 
Description 


Reserved 


NON MASKABLE INTERRUPT (NMI)* 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 


interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, TRO or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recogniz- 
ed until the first program load of the Hardware Stack Pointer 
(S). The pulse width of NMI low must be at least one E cycle. 
If the NMI input does not meet the minimum set up with 
respect to Q, the interrupt will not be recognized until the 
next cycle. See Figure 10. 


FAST-INTERRUPT REQUEST (FIRQ)* 


A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI. See Figure 11. 


INTERRUPT REQUEST (IRQ)* 


A low level input on this pin will initiate an Interrupt Re- 
quest sequence provided the mask bit (1) in the CC is clear. 
Since IRQ ‘stacks the entire machine state it provides a 
slower response to interrupts than FIRQ. ТВО also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 10. 


“NMI, ААО, and TRO requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog- 
nized. The pending interrupt(s) will not be serviced until completion of the current instruction unless a SYNC ог CWAI condition is present. If ва 
and FIRO do not remain low until completion of the current instruction they may not be recognized. However, ММ! is latched and need only ге- 
main low for one cycle. No interrupts are recognized or latched between the falling edge of R RESET and the rising edge of BS indicating 


RESET acknowledge. 


RIOTOROLA Semiconductor Products Inc. — — Y 


9 


E 
Фе 


EE CV dpud 


С68209МС68В 


XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to 
an external parallel-resonant crystal. Alternately, the pin 
EXTAL may be used as a TTL level input for external timing 
by grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Figure 8. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


Е, а 

Е is similar to the MC6800 bus timing signal $2; Q is a 
quadrature clock signal which leads E. Q has no parallel on 
the MC6800. Addresses from the MPU will be valid with the 
leading edge of Q. Data is latched on the falling edge of E. 
Timing for E and Q is shown in Figure 12. 


MRDY* 

This input control signal allows stretching of E and O to 
extend data-access time. E and Q operate normally while 
MRDY is high. When MRDY is low, E and О may be stretch- 
ed in integral multiples of quarter (A) bus cycles, thus allow- 
ing interface to slow memories, as > shown in Figure 13(А). 
During non-valid memory access (VMA cycles) MRDY has 
no effect on stretching E and Q; this inhibits slowing the pro- 
cessor during "don't care" bus accesses. MRDY may also be 


used to stretch clocks (for slow memory) when bus contrcl - 


has been transferred to an external device (through the use 
of HALT and DMA/BREO). 

NOTE: Four of the early production mask sets (G7F, T5A, 
P6F, T6M) require synchronization of the MRDY input with 
the 4f clock. The synchronization necessitates an external 
oscillator as shown in Figure 13(B). The negative transition 
ot the MRDY signal, normally derived from the chip select 
decoding, must meet the tpcs timing. With these four 
mask sets, MRDY's positive transition must occur with the 
rising edge of 4f. 

In addition, on these same mask sets, MRDY will not 
stretch the E and Q signals if the machine is executing either 
a TFR or EXG instruction during the HALT high-to-low tran- 
sition. If the MPU executes a CWAI instruction, the machine 
pushes the internal registers onto the stack and then awaits 
an interrupt. During this waiting period, it is possible to place 


the MPU into a Halt mode to three-state the machine, but 
MRDY will not stretch the clocks. 

The mask set for a particular part may be determined by 
examining the markings on top of the part. Below the part 
number is a String of characters. The first two characters are 
the last two characters of the mask set code. if there are only 
four digits the part is the G7F mask set. The last four digits, 
the date code, show when the part was manufactured. 
These four digits represent year and week. For example a 
ceramic part marked: 


is a ТБА mask set made the twelveth week of 1980. 


DMA/BREQ' 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as 
shown in Figure 14. Typical uses include DMA and dynamic 
memory refresh. 

Transitions of DMA/BREO should occur during Q. A low 
level on this pin will stop instruction execution at the end of 
the current cycle unless pre-empted by self-refresh. The 
MPU will acknowledge DMA/BREO by setting BA and BS to 
a one. The requesting device will now have up to 15 bus 
cycles before the MPU retrieves the bus for self-refresh. Self- 
refresh requires one bus cycle with a leading and trailing 
dead cycle. See Figure 15. The self-refresh counter is only 
cleared if DMA/BREQ is inactive for two or more MPU 
cycles. 

Typically, the DMA controller will request to use the bus 
by asserting DMA/BREQ pin low on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that 
cycle will be a dead cycle used to transfer bus mastership to 
the DMA controller. 

False memory accesses may be prevented during any dead 
cycles by developing a system DMAVMA signal which is 
LOW in any cycle when BA has changed. 


FIGURE 12 — Е/О RELATIONSHIP 
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NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified 


*The on-board clock generator furnishes E and Q to both the system and the MPU. When MRDY is pulled low, both the system clocks and the 
interna! MPU clocks are stretched. Assertion of DMA/BREQ input stops the internal MPU clocks while allowing the external system clocks 


to RUN (.е., release the bus to a DMA controller). The internal MPU 


clocks resume operation after DMA/BREO is released or after 16 bus 


cycles (14 DMA, 2 dead), whichever occurs first. While DMA/BREO is asserted it is sometimes necessary to pull MRDY low to allow DMA to/ 


from slow me nory/peripherals. As both MRDY and DMA/BREO control the internal MPU clocks, care must be exercised not to violate the 


maximum ісус specification for MRDY or DMA/BREQO. (See Note 5 in Bus Timing.) 
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When BA goes low (either as a result of DMA/BREQ = 
HIGH or MPU self-refresh), the DMA device should be taken 
off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership 
without contention. 


This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence. software instructions that alter normal MPU operation 
are: SWI, SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, 


HALT, or DMA/BREO can also alter the normal execution of 


instructions. Figure 16 illustrates the flowchart for the 
MC6809. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 


FIGURE 13(A) — MRDY TIMING 
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FIGURE 13(В) — MRDY SYNCHRONIZATION 
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8-BIT MICROPROCESSING UNIT 


The MC6809E is a revolutionary high performance 8-bit microprocessor 
which supports modern programming techniques such as position in- 
dependence, reentrancy, and modular programming. 

This third-generation addition to the M6800 family has major architectural 
improvements which include additional registers, instructions and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The MC6809E has the most com- 
plete set of addressing modes available on any 8-bit microprocessor today. 

The MC6809E has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. External clock inputs are provided to allow synchronization with 
peripherals, systems or other MPUs. 

MC6800 COMPATIBLE 
€ Hardware — Interfaces with А! M6800 Peripherals 
€ Software — Upward Source Code Compatible Instruction Set and 
Addressing Modes 
ARCHITECTURAL FEATURES 
€ Two 16-bit Index Registers 
€ Two 16-bit indexable Stack Pointers 
€ Two &bit Accumulators can be Concatenated to Porm One 16-Bit 
Accumulator 
€ Direct Page Register Allows Direct Addressing Throughout Memory 


HARDWARE FEATURES 
€ External Clock Inputs, E and O, Allow Synchronization 
€ TSC Input Controls Internal Bus Buffers 
€ LIC Indicates Opcode Fetch 
€ AVMA Allows Efficient Use of Common Resources in 
A Multiprocessor System 
€ BUSY is a Status Line for Multiprocessing 
€ Fast Interrupt Request Input Stacks Only Condition Code Register 
and Program Counter 
€ interrupt Acknowledge Output Allows Vectoring By Devices 
€ SYNC Acknowledge Output Allows for Synchronization to External 
Event 
€ Single Bus-Cycle RESET 
€ Single 5-Volt Supply Operation ў 
e NMI Inhibited After RESET Until After First Load of Stack Pointer 
€ Early Address Valid Allows Use With Slower Memories 
€ Early Write-Data for Dynamic Memories 
SOFTWARE FEATURES 
€ 10 Addressing Modes 
е M6800 Upward Compatible Addressing Modes 
Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing: 
0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 
Auto-Increment/ Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic й 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


MC6809E 


(1.0 MHz) 


МС68В09Е 


(2.0 MHz) 


HMOS 


(HIGH-DENSITY N-CHANNEL, SILICON-GATE) 
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FIGURE 1 — PIN ASSIGNMENT 
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MAXIMUM RATINGS 


Symbol vas [Us] 
Supply Voltage 0.3 10 47.0 
Input Voltage | Vin | -0.310 47.0 


Vin 
Operating Temperature Range TL to Ty 
MC6809E, MC68A09E, MC68BO9E TA Ото +70 9C 
Storage Temperature Range — 55 to + 150 


THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance 
Ceramic 

Cerdip 
Plastic 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 

Reliability of operation is enhanced if unus- 
ed inputs are tied to an appropriate logic 
voltage leve! (e.g., either Vss or VCC). 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ7 TA + (Pp*6JA) (1) 
Where: 
Тд= Ambient Temperature, °C 
6 уд = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT + PPORT 
PINT&ICC x УСС, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PPORT < PINT and сап be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. ` 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Рр= К+ (Т) + 2739C) (2) 
Solving equations 1 and 2 for К gives: 
К = Ppe(TA + 2739) + 6JAePp? (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of TA. 


DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 V + 5%, У55-0, ТА = Т to TH unless otherwise noted.) 


Characteristic | Symb | Ма [Тур 


| Logic, Q, VIH Vss + 2.0 

Input High Voltage RESET VIHR Vss + 4.0 
E VIHC Мсс- 0.75 

Input Low Voltage Logic, О, RES. VIL Vss - 03 
Е | VILC Усс-0.3 


input Leakage Current Logic, Q, RE 
(Vin = 0 to 5.25 V, Усс = max) E 


DC Output High Voltage 


рад = - 205 pA, Усс = min) 00-07 = 
( оаа = — 145 pA, Усс = min) А0-А15, R/W 
(оаа = ~ 100 pA, Vcc = min) BA, BS, LIC, AVMA, BUSY 


DC Output Low Voltage 
(оаа = 2.0 mA, Усс = min) 
Internal Power Dissipation (Measured at TA = Тү in Steady State Operation) 
Сараспапсе" 
(Vin = 0, TA = 25°C, f = 1.0 MHz) 00-07, Logic Inputs, О, RESET 
E 
AQ-A15, R/W, BA, BS 
LIC, AVMA, BUSY 


Frequency of Operation MC6809E 
MC68AO09E 
(E and Q Inputs) , MC68BO9E 
Three-State (Off State) Input Current 00-07 = 
(Vin = 0.4 to 24 V, Усс = тах) АО-А15, R/W 


* Capacitances are periodically tested rather than 10096 tested. 
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Read Data Setup Time 
Read Data Hold Time 
Data Delay Time from Q 


2 
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асс 
СЕ о aes с 
Interrupts, HALT, RESET, and TSC Setup Time {РС$ 

(Figures 7, 8, 9, 10, 13, and 14) 


TSC Drive to Valid Logic Level (Figure 14) 
TSC Release MOS Buffers to High Impedance (Figure 14) 


Address Delay Time from E Low (BA, BS, R/W) 
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1. Voltage levels shown are Vi «0.4 V, Vi z 2.4 V, unless otherwise specified. 3. Hold time ( © ) for BA and BS is not specified. 
2. Measurement points shown аге 0.8 V and 2.0 V, unless otherwise specified. 4. Usable access time is computed by: 1—4— 11 max- 17. 
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FIGURE 3 — MC6809E EXPANDED BLOCK DIAGRAM 
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FIGURE 4 — BUS TIMING TEST LOAD 
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RESET 
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Interrupt FIRQ 
Control TRO 


PROGRAMMING MODEL 

As shown in Figure 5, the MC6809E adds three registers to 
the set available in the MC6800. The added registers include 
a Direct Page Register, the User Stack pointer and a second 
Index Register. 


ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 


DIRECT PAGE REGISTER (DP) 

The Direct Page Register of the MC6809E serves to 
enhance the Direct Addressing Mode. The content of this 
register appears at the higher address outputs (A8-A15) dur- 
ing direct addressing instruction execution. This allows the 
direct mode to be used at any place in memory, under pro- 
gram control. To ensure M6800 compatibility, all bits of this 
register are cleared during Processor Reset. 
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FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


| Pointer Registers 
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INDEX REGISTERS (X, Y) FIGURE 6 — CONDITION CODE REGISTER FORMAT 


The Index Registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used - 
to point to data directly or may Бе modifed Бу an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented and 
decremented to point to the next item of tabular type data. 
All four pointer registers (X, Y, U, S) may be used as index 
registers. 


| -- Carry 
Overflow 
Zero 
Negative 
IRO Mask 
Half Carry 
FIRQ Mask 


STACK POINTER (U, S) Entire Flag 


The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
User Stack Pointer (U) is controlled exclusively by the pro- 
grammer thus allowing arguments to be passed to and from 
subroutines with ease. The U-register is frequently used as a 
stack marker. Both Stack Pointers have the same indexed 
mode addressing capabilities as the X and Y registers, but 
also support Push and Pull instructions. This allows the 
MC6809E to be used efficiently as a stack processor, greatly 


enhancing its ability to support higher level languages and CONDITION CODE REGISTER 


modular programming. DESCRIPTION 
BIT 0 (C) 
NOTE Bit 0 is the carry flag, and is usually the carry from the 
The stack pointers of the MC6809E point to the top of binary ALU. C is also used to represent a 'borrow' from sub- 
the stack, in contrast to the MC6800 stack pointer, tract like instructions (CMP, NEG, SUB, SBC) and is the 
which pointed to the next free location on stack. complement of the carry from the binary ALU. 
PROGRAM COUNTER BIT 1 (V) 

The Program Counter is used by the processor to point to Bit 1 is the overflow flag, and is set to a one by an opera- 
the address of the next instruction to be executed by the pro- tion which causes a signed two's complement arithmetic 
cessor. Relative Addressing is provided allowing the Pro- overflow. This overflow is detected in an operation in which 
gram Counter to be used like an index register in some situa- the carry from the MSB in the ALU does not match the carry 
tions. from the MSB-1. 

CONDITION CODE REGISTER BIT 2 (Z) 

The Condition Code Register defines the state of the pro- Bit 2 is the zero flag, and is set to a one if the result of the 

cessor at any given time. See Figure 6. previous operation was identically zero. 
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BIT 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 


BIT 4 (1) 

Bit 4 is the IRO mask bit. The processor will not recognize 
interrupts from the IRG line if this bit is set to a one. NMI, 
ЕАО, Ва, RESET, and SWI all set | to a one; SWI2 and 
SWIS do not affect |. 


BIT 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 


BIT 6 (F) 

Bit 6 is the FIRO mask bit. The processor will not 
recognize interrupts from the АВО line if this bit is a one. 
NMI, ҒИНО, SWI, and RESET all set F to a one. IRQ, SWI2 
and SWI3 do not affect F. 


BIT 7 (E) 


Bit 7 is the entire flag, and when set to a one indicates that 


the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is, used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
teft in the Condition Code Register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, МСС) 
Two pins are used to supply power to the part: М55 is 
ground or 0 volts, while VCC is 4-50 V +5%. 


ADDRESS BUS (A0-A15) 


Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/W = 1, and BS = O; this is a "dummy access" or 
VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is high or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 


DATA BUS (00-07} 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. £ 


READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is high 
or when TSC is asserted. Refer to Figures 1 and 2. 


RESET 
A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 


Reset vectors are fetched from locations FFFE16 and FFFF16 
(Table 1) when Interrupt Acknowledge is true, 
(BÀ e 85 = 1). During initial power-on, the Reset line should 
be held low until the clock input signals are fully operational. 
Because the MC6809E Reset pin has a Schmitt-trigger in- 
put with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the Processor. 


HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the Halt state. While halted, the MPU will not respond to ex- 
ternal real-time requests (FIRO, IRQ) although NMI or 
RESET will be latched for later response. During the Halt 
state Q and E should continue to run normally. A halted state 
(ВАеВ$ = 1) can be achieved by pulling HALT low while 
RESET is still low. See Figure 8. 


BUS AVAILABLE, BUS STATUS (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes low, a dead cycle will elapse 
before the MPU acquires the bus. BA will not be asserted 
when TSC is active, thus allowing dead cycle consistency 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 


MPU State Definition 


Normal (Running) 


Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 


Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RESET, NMI, FIRQ, TRO, SWI, 
SWI2, SWI3). This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 


TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS 
Memory Map For 

[ ws T tS | ее 

ВЕЗЕТ 


NMI 
SWI 


ТАС 
FFF6 О 
FFF4 SWI2 
FFF2 SWI3 
FFFO Reserved 
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Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt/ Acknowledge is indicated when the MC6809E is in a 
Halt condition. 


NON MASKABLE INTERRUPT (NMI)* 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRO, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recog- 
nized until the first program load of the Hardware Stack 
Pointer (S). The pulse width of NMI low must be at least one 
E cycle. If the NMI input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 9. 


FAST-INTERRUPT REQUEST (FIRQ)* 

A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI. See Figure 10. 


INTERRUPT REQUEST (IRQ)* 


A low level input on this pin will initiate an Interrupt Re- 
quest sequence provided the mask bit (1) in the CC is clear. 
Since ІНО stacks the entire machine state it provides a 
slower response to interrupts than FIRQ. IRQ also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 9. 


CLOCK INPUTS E, Q 


E and Q are the clock signals required by the MC6809E. Q 
must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of,E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires a high level 
above normal TTL levels. This approach minimizes clock 
skew inherent with an internal buffer. Timing and waveforms 
for E and Q are shown in Figure 2 while Figure 11 shows a 
simple clock generator for the MC6809E. 


BUSY 


Busy will be high for the read and modify cycles of a read- 
modify-write instruction and during the access of the first 
byte of a double-byte operation (e.g., LDX, STD, ADDD). 
Busy is also high during the first byte of any indirect or other 
vector fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 


defer the rearbitration of the next bus cycle to insure the in- 
tegrity of the above operations. This difference provides the 
indivisible memory access required for a "test-and-set" 
primitive, using any one of several read-modify-write instruc- 
tions. 

Busy does not become active during PSH or PUL opera- 
tions. A typical read-modify-write instruction (ASL) is shown 
in Figure 12. Timing information is given in Figure 13. Busy is 
valid tcp after the rising edge of Q. 


AVMA 

АММА is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predic- 
tive nature of the AVMA signal allows efficient shared-bus 
multiprocessor systems. AVMA is LOW when the MPU is in 
either a HALT or SYNC state. AVMA is valid tcp after the 
rising edge of Q. 


LIC 

LIC (Last instruction Cycle) is HIGH during the last cycle 
of every instruction, and its transition from HIGH to LOW 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be HIGH when the 
MPU is Halted at the end of an instruction, (i.e., notin CWAI 
or RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 


TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The 
control signals (BA, BS, BUSY, AVMA and LIC) will not go 
to the high-impedance state. TSC is intended to allow a 
single bus to be shared with other bus masters (processors 
or DMA controllers). EN 

While E is low, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in 
a high-impedance state until O rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is 
held beyond the rising edge of E, then it will be internally lat- 
ched, keeping the bus drivers in a high-impedance state for 
the remainder of the bus cycle. See Figure 14. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 
This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction ог hardware occur- 
rence. Software instructions that alter normal MPU opera- 
tion are: SWI, SWI2, SWI3, CWAI, RTI and SYNC. An in- 
terrupt or HALT input can also alter the normal execution of 
instructions. Figure 15 is the flow chart for the MC6809E. 


*NMi, ҒІНО, and 180 requests are sampled on the falling edge of О. One cycle is required for synchronization before these interrupts are recog- 
nized. The pending interruptis) will not be serviced until completion of the current instruction unless а SYNC or СИА! condition is present. If ВО 
and FIRQ do not remain low until completion of the current instruction they may not be recognized. However, NMI is latched and need only re- 
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge. See RESET sequence in the MPU flowchart in Figure 15. 


(M) MOTOROLA Semiconductor Products Inc. 


(1.0 мка 
(M) МОТОНОГА Мс68421 


с MC68B21 
(2.0 MHz) 


PERIPHERAL INTERFACE ADAPTER (PIA) 


MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


The MC6821 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the M680C family of 
microprocessors. This device is capable of interfacing the MPU to 
peripherals through two 8-БИ vidirectional peripheral data buses and 
four control lines. No external logic is required for interfacing to most 
peripheral devices. 
The functional configuration of the PIA is programmed by the MPU 
during system initialization. Each of the peripheral data lines can be pro- 
grammed to act as an input ог output, and each of the four con- 
trol/interrupt lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the overall operation of 
the interface. 
© в-ви Bidirectional Data Bus for Communication with the 
MPU 

€ Two Bidirectional 8-Ви Buses for Interface to Peripherals 

€ Two Programmable Control Registers 

€ Two Programmable Data Direction Registers 

€ Four Individually-Controlled Interrupt Input Lines; Two 
Usable as Peripheral Control Outputs 

€ Handshake Control Logic for Input and Output Peripheral 
Operation 

€ High-Impedance Three-State and Direct Transistor Drive 
Peripheral Lines 

€ Program Controlled Interrupt and Interrupt Disable Capability 

€ CMOS Drive Capability on Side A Peripheral Lines 

е Two TTL Drive Capability cn All A and B Side Buffers · 

e 

e 


PERIPHERAL INTERFACE 
ADAPTER 


" і SUFFIX 
CERAMIC PACKAGE 
CASE 715 


|111 S SUFFIX 
CERDIP PACKAGE 
CASE 734 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


TTL-Compatible 
Static Operation 


PIN ASSIGNMENT 


-0.3 10 +7.0 
Ма [озо +70 Уу”) 
Operaung Temperature Range TL to TH 
MC6821, MC6BA21, MC68B21 TA 0 1070 "C 
MC6821C, МС68А21С. MC68B21C -40 to +85 


Storage Temperature Range 


ABACTERISTICS 


см 
ме 


Thermal Resistance 
Ceramic 

Plastic 

Cerdip 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum-rated 
voltages to this high-impedance circuit. Reliability of operation is enhanced it 
unused inputs are tied to an appropriate logic voltage li.e., either Vs s or УСС). 


4-335 


МС6821• MC68A21*MC68B21 


POWER CONSIDERATIONS 


The average chip-junction temperature, T J, in *C can be obtained from: 
Ту= Тд + (Рреб јд) 
Where: 

ТА = Ambient Temperature, °C 
8 JA = Package Thermal Resistance, Junction-to- Ambient, °C/W 
PD= PINT + PPORT 
Рімтеісс x Vcc. Watts — Chip Internal Power 
PoorT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT « PINT and can be neglected. PPORT may become sigruficant if the device is configured to 

drive Darlington bases or sink LED loads. 
An approximate relationship between Рр and Ty (if PPORT 15 neglected) is: 


{1} 


Pp=K + (Т + 27390) (2) 
Solving equations 1 and 2 for K gives: 
К = Рре(Тд + 27390) + 6JA* Pp? (3) 


Where K ts a constan: pertaining to the particular part. K can be determined from equation 3 by measuring Рр (at equilibrium) 
for a known TA. Using this value of К the values of Рр and Т.) сап be obtained by solving equations (1) and (2) iteratively for any 
value of TA 


DC ELECTRICAL CHARACTERISTICS (Vcc 2 50 Мас £596, У$5 = 0, Тд = Тү 10 TH unless otherwise noted) 


[ Characteristic [Symbo | Min [Typ | Mex [Uni 


BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CSO, CS1, CS2) 
©5570 | vee] 
vss-03| = [55508 


input Leakage Current (Vin = 0 to 5.25 V) 
Capacitance (Vin =0, TA = 25?C, += 1.0 MHz) 
INTERRUPT OUTPUTS (ОА, IRQB) 
Output Low Voltage {It сад = 3.2 mA! 
Three-State Output Leakage Current 
Capacitance (Vin 2 0, TA = 25°С, {= 1.0 MHz) 
DATA BUS (00-07) 
input High Voltage 
Input Low Voltage 


Three-State Input Leakage Current (Vin =0.4 to 2.4 V) a 

Output High Voliage (| оза = – 205 pA) or СЕТУЕТ ЖШ CHE ЖЕ 

Output Low Voltage (| сад = 1.6 тА) a = 1] 
Capacitance (Vin = 0, TA = 25°C, 1=1.0 MHz) Cn | - | 


PERIPHERAL BUS (РАО-РА7, PBO-PB7, САТ, CA2, CB1, CB2) 


Input Leakage Current R/W. RESET, А50, А51. CSO, CS1, CS2, CA1, v 
(Vin = 0105.25 М) СВ1, Enable - 
Three-State Input Leakage Current (Vin = 0.4 10 2.4 V) PBO-PB7, CB2 
Input High Current (Мн = 2.4 V) РАО-РА7, CA2 
Darlington Drive Current (V = 1.5 VI PRO-PB7, CB2 
Input Low Current (Vi, = 0.4 V) РАС-РА7, CA2 b 
Ab. 


Output High Voltage 
(| сад = – 200 pA?) РАО-РА7, РВО-РВ7, CA2, CB2 
(| сад = — 104A! РАО-РА7, CA2 

Output Low Voltage (IL сга = 3.2 тА) 

Capacitance (Vin € 0, TA = 25°C, f= 1.0 MHz) 

POWER REQUIREMENTS 

| Internal Power Dissipation (Measured at Ta = TU 


| Рт | - - | 9 [m] 
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RW, А 
Моп-ћ 


MC6821*MC68A21* MC68B21 " 
| 
| f 
| } 
BUS TIMING CHARACTERISTICS (See Notes 1 and 2) i 
| мсвеги | мсөвА2! | мсввв21 | 
[т | өле — — — Е | 
[ 2 [Pewne . рме | 40 
з [темени — — елен ] 
[4 GexRemdfaTme — — — |м | 
red ле [э [Assess Hod Time ^ — тан 
[ 15 [Ades Setup Time Bere E — | "AS | 
[а [съ зею Setup Time Before E fres | 
[71S | оче Selected тю |н 
[18 | Read Daia Hod тте — [и | 
E ET 
= [= | бири Data Dey Time | пора | 
—— 
ut FIGURE 1 — BUS TIMING 
Y A 
- 1 
| bi 
и у - ——@- а" 
= б © 3-9 
РА = amO, ивы ©) 
pF R/W, Address WAVAVAV, 
Момоа КОКА __ ү ПШ 
V | (эт — || 
вва Ро — EO 
У | | 
Read Data D MPU Read Data Non-Muxed я о 
РР] Non-Muxed ЕЕ -. ||} 
^ >») @) 
ш Write Data = MPU Write Data Non-Muxed г 
ЗА Non-Muxed - — = же 
ҺА (21) [<> 
mA Notes 
m^ 1. Voltage levels shown аге Vi 50.4 V, V4 z 2.4 V, unless otherwise specified 
+ | 2. Measurement points shown аге 0.8 V and 2.0 V, unless otherwise specified 
У 
[9 | 
mw | $ 
* 
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“Тһе RESET line must be high a minimum of 1.0 ps before addressing the PIA. 


FIGURE 2 — BUS TIMING TEST LOADS 
(00-07) | 50V 


В. =2.4 KQ 


Test Point MM06150 
E or Equiv 
: C ~ R 

| ai 11.7 ка T MMD7000 
ti or Equiv 

E z = 

He 

" 

$ FIGURE 4 — CMOS EQUIVALENT 
М TEST LOAD 

ЕЕ 

а, (PAO-PA7, CA2) 


D Test Point 
22 
Yo 
b = || 30 pF 
р 
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FIGURE 3 — TTL EQUIVALENT 
TEST LOAD 


(РАО-РА7, РВО—РВ7, CA2, CB2) 
о 50V 


$ RL = 1.25 КВ 


MMD6150 
or Equiv. 


Test Point 


С = 30 pF, А= 12k 


FIGURE 5 — NMOS EQUIVALENT 
TEST LOAD 


(на Оту) 
50У 


bu 


Test Point E 
100 pF | 


MC6821eMC68A21°MC68B21 и 


FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES FIGURE 7 — CA2 DELAY TIME 
(Reed Mode} . (Read Mode; CRA-5= САЗ = 1, CRA-4=0) i 
% 
РАО-РА7 Enable } 
РВО-РВ7 fi 
АЗ 1951” Р 


i | PDs teow РЕ к. 
СА? { 
| Enable Ё 


* Assumes part was deselected during 


the previous E pulse. 


Fiere Tan vim Fe 


FIGURE 8 — CA2 DELAY TIME FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES 
| (Read Mode; СКА-5 = 1, СВА-3 = CRA-4- 0) (Write Mode; СВА-5= СВА-3 = 1, CRA-4=0) 
Enable 
м 
[ЖЛ Enable 
| CA! X pe RA -30* Vcc 
| %СА? 1852 PAO-PA7, 
CA2 
CA2 
f ——— 
FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES FIGURE 11 — CB2 DELAY TIME 
(Write Mode; CRB-6= CRB-3= 1, САВ-4 = 0) (Write Mode; CRB-6= САВ-3 = 1, CRB-4 20) 


Enable t B cR oe 
e РОМ | 
РВО-РВ7 А свг 


'oc-] 


св2” 5 + Assumes part was deselected during the 
previous E pulse 


*св2 goes low as a result of the 
positive transition of Enabie. 


| FIGURE 12 — CB2 DELAY TIME 
- PT О RESP 
| (White Mode: CRB-6~ 1, CRB-3=CRB-4=0) FIGURE 13 — INTERRUPT PULSE WIDTH AND IRQ RESPONSE 


Enable | d 1 
CB1.2 
| 1-4 i 
| св | 
| TRGA/& X 
“св везе tass ————=| 
свг 


M * Assumes Interrupt Enable Bits аге set. 


* Assumes part wat deselected during 
any previous E puise. 


Note: Timing measurements are referenced to and from 2 км voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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Enable 


та 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 14 — IRG RELEASE TIME 


FIGURE 15 — RESET LOW TIME 


RL 
RESET 


*The RESET line must be a Мун for a minimum of 


1.0 us before addressing the PIA. 


FIGURE 16 — EXPANDED BLOCK DIAGRAM 


Data Bus 
Buffers 
(ове) 


Bus Input 
Register 
(BIR) 


Усс * Pin 20 
Vgs Pint 


cso 22 
С$1 24 
652 23 Chip 
RSO 36 Select 
and 
RS! 35 ям 
RĀ 21 Control 
Enable 25 
RESET 34 


(ROB 37 


Control 
Register A 


(САА) 


Data Direction 
Register A 


Input Bus 


Interrupt Status 
Contro! B 


40 CA! 
Interrupt Status 
Control A 39 CA2 


Output Bus 
2 РАО 
Output 3 PA! 
Register A 
(ORA) 4 PAZ 
Peripheral 5 PA3 
Interface 
А 6 РА4 
7 РА5 
B PA6 
9 РА? 
10 PBO 
Output N 11 PB! 
Register B 
(ORB) 12 Рв? 
13 РВЗ 
14 РВ4 
15 РВ5 
16 РВ6 
17 PB? 
Data Direction 
Contro! Register B 
Register B (ODRB) 
(св) 
18 CBI 


19 C82 
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PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the M6800 bus with an 8-bit bidirec- 
tional data ‘bus, three chip select lines, two register select 
lines, two interrupt request lines, а read/write line, an enable 
line and a reset line. To ensure proper operation with the 
МС6800, MC6802, ог МС6808 microprocessors, УМА 
should be used as an active part of the address decoding. 


Bidirectional Data (00-07) — The bidirectional data lines 
(00-07) allow the transfer of data between the MPU and the 
PIA. The data bus output drivers are three-state devices that 
remain in the high-impedance (off) state except when the 
MPU performs a PIA read operation. The read/write line is in 
the read (high! state when the PIA is selected for a read 
operation. 


Enable (E) — The enable pulse, E, is the only timing 
signal that is supplied to the PIA. Timing of all other signals 
is referenced to the leading and trailing edges of the E pulse. 


Read/Write (АЛА) — This signal is generated by the 
MPU to control the direction of data transfers on the data 
bus. A low state on the PIA read/write line enables the input 
buffers and data is transferred from the MPU to the PIA on 
the E signal if the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data to the 
bus. The PIA output buffers are enabled when the proper ad- 
dress and the enable pulse E are present. 


RESET — The active low RESET line is used to reset all 
register bits in the PIA to a logical zero (low). This line can be 
used as а power-on reset and as a master reset during 
System operation. 


Chip Selects (CSO, CS1, and CS2) — These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and C52 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 


for the duration of the E pulse. The device is deselected 
when any of the chip selects are in the inactive state. 


Register Selects (RSO and RS1) — The two register 
select lines are used to select the various registers inside the 
PIA. These two lines are used in conjunction with internal 
Contro! Registers to select a particular register that is to be 
written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 


Interrupt Request (РОА | and TROB) — The active low In- 
terrupt Request lines (RGA and 1808) act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are “open drain’ (no load device on the chip). 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the Interrupt Request line to go low. Each 
flag bit is associated with a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 


by a software routine that, on a prioritized basis, sequentially 


reads and tests the two contro! registers in each PIA for in- 
terrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can- 
not be enabled to be set until the PIA is deselected during an 
E pulse. The E pulse is used to condition the interrupt control 
lines (CA1, CA2, CB1, CB2). When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in- 
active edge to the active edge of the interrupt input signal to 
condition the edge sense network. If the interrupt flag has 
been enabled and the edge sense circuit has been properly 
conditioned, the interrupt flag will be set on the next active 
transition of the interrupt input pin. 


PIA PERIPHERAL INTERFACE LINES 


The PIA provides two &-bit bidirectional data buses and 
four interrupt/contro! lines for interfacing to peripheral 
devices. 


Section A Peripheral Data (PAO-PA7) — Each of the 
peripheral data lines can be programmed to act as an input or 
output. This is accomplished by setting a 41” in the cor- 
responding Data Direction Register bit for those lines which 
are to be outputs. А "0" in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as an input. During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap- 
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1.5 standard TTL loads. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical “1” written in- 
to the register will cause a “high” on the corresponding data 
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line while а “0” results in a “low.” Data in Output Register A 
may be read by an MPU "'Read Peripheral Data A" operation 
when the corresponding lines are programmed as outputs. 
This data will be read property if the voltage on the 
peripheral data lines is greater than 2.0 volts for a logic “1” 
output and less than 0.8 volt for а logic “0” output. Loading 
the output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 


Section B Peripheral Data (PBO-PB7) — The peripheral 
data lines in the B Section of the PIA can be programmed to 
act as either inputs or outputs in a similar manner to РАС 
PA7. They have three-state capabiity, allowing them to enter 
a high-impedance state when the peripheral data line is used 
as an input. In addition, data on the peripheral data lines 


му 
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PBO-PB7 will be read properly from those lines programmed 
as outputs even if the voltages are below 2.0 volts for a 
“high” or above 0.8 V for a "ом". As outputs, these lines 
are compatible with standard TTL and may also be used as а 
source of up to 1 milliampere at 1.5 volts to directly drive the 
base of a transistor switch. 


Interrupt input (CA1 and CB1) — Peripheral input lines 
CA1 and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
signals is also programmed by the two control registers. 


Peripheral Control (CA2) — The peripheral control line 
CA2 can be programmed to act as an interrupt input or as a 


peripheral contro! output. As an output, this line is compati- 
ble with standard TTL; as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control Register A. 


Peripheral Control (CB2) !-- Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral contro! output. As an input, this line has high in- 
put impedance and is compatible with standard TTL. As an 
output it is compatible with standard TTL and may also be 
used as a source of up to 1 milliampere at 1.5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. | 


INTERNAL CONTROLS 


INITIALIZATION 

A RESET has the effect of zeroing all PIA registers. This 
will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the RSO and RS1 inputs: together 
with bit 2 in the Control Register, as shown in Table 1. 

Details of possible configurations of the Data Direction 
and Control Register are as follows: 


TABLE 1 — INTERNAL ADDRESSING 


Location Selected 


Peripheral Register A 
Data Direction Register A 


Control Register А 


Peripheral Register B 
Data Direction Register B 
Control Register B 


PORT A-B: HARDWARE CHARACTERISTICS 

As shown in Figure 17, the MC6821 has a pair of I/O ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 3096 to 7096 levels, and incor- 
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con- 
trast, the B side uses а normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external 
resistors. The B side can drive extra loads such as Darl- 
ingtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side (input mode also) will float high or low, depending 
upon the load connected to it. 
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Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 


CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU 
to control the operation of the four peripheral controt lines 
CA1, CA2, CB1, and CB2. In addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter- 
rupt flags. Bits 0 through 5 of the two registers may be writ- 
ten or read by the MPU when the proper chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CB1, or CB2. The for- 
mat of the control words is shown in Figure 18. 


DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CRA and CRB), deter- 
mines selection of either a Peripheral Output Register or the 
corresponding Data ‘Direction E Register when the proper 
register select signals are applied to RSO and Н51. A "1" in 
bit 2 allows access of the Peripheral Interface Register, while 
а "0" causes the Data Direction Register to be addressed. 


Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — 
The four interrupt flag bits are set by active transitions of 
sjgnals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap- 
propriate section. 


Control of CA2 and CB2 Peripheral Contro! Lines (CRA-3, 
СВА-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits 3, 4, and 
5 of the two contro! registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con- 
trol lines will be an interrupt input or an output control 
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt 
input line similar to CA1 (CB1). When CRA-5 (CRB-5) is 
high, CA2 (CB2) becomes an output signal that may be used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
Characteristics. 
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MC68219MC68A219 MC68B21 
Contro! of САТ and CB1 interrupt Input Lines (CRAJ, enable the, MPU interrupt signals [ROA and МОВ, respec- 
CRB-1, CRA-1, and CRB-1) — The two lowest-order bits of tively. Bits CRA-1 and CRB-1 determine the active transition 
the control registers are used to control the interrupt input of the interrupt input signals CA1 and CB1. 


lines CA1 and CB1. Bits CRA-0 and CRB-O are used to 


FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS 


Роп А Port B 
Vcc Усс 


Port Pin 


Data Direction 


DATA 


Data 
Direction 
(1— Output Pin) 
(O— Input Pin) 


Data Direction 
(1— Input Pin) 
{0— Output Pin) 


Read of B 
/ Data When 
in Output 


Read А Data Бе ei 8 
in Input or ed 
To External бйз, Mode in input Mode 


Bus 


Internal PIA Bus 
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Determine Active CA1 (CB1) Transition for Setting FIGURE 18 — CONTROL WORD FORMAT 


Interrupt Flag IROA(B)1 — (bit 7) 

01-0: IROA(BIH set by high-to-low transition on CA1 
(CB) 

Ь1 = 1. |АОА(ВИ set by low-to-high transition on CA1 

(C81). 


CA1 (CB1) Interrupt Request Enable/ Disable 

бо = 0: Disables IRQAIB) MPU Interrupt by СА! 
(CB1) active transition. 

Ь0= 1: Enable IRQA(BI MPU Interrupt Бу CA1 (СВ!) 
active transition. 


1. IRQAIB) will occur on next (MPU generated! positive 
transition of bO if САТ (CB1) active transition ос- 
curred while interrupt was disabled. 


IRQA(B) 1 Interrupt Flag (bit 7) 
Goes high on active transition of CA1 (СВ1); Automa- 
tically cleared by MPU Read of Output Register AIB). 
May also be cleared by hardware Reset. 


IRQA(BM | IRQA(B)2 СА? {СВ2} DDR CA1 (C81) 
Flag Fiag Control. Access Controt 


IRQA(B)2 interrupt Flag (bit 6) 


When CA2 (C82) is an input, IRQA(B) goes high on ac- 
tive transition CA2 (CB2); Automatically cleared by 


Control Register 


Determines Whether Data Direction Register Or Output 


Register is Addressed 
b2=0: Data Direction Register selected 
b2=1: Output Register selected. 


MPU Read of Output Register A(B) May also be 
cleared by hardware Reset. 

CA2 (CB2) Established ав Output (Ьб = 1): IRQAIB) 
2=0, not affected by CA2 (CB2) transitions. 


CA2 (CB2) Established as Output by b5= 1 . CA2 (CB2) Established as Input by b5 = 0 
(Note that operation of CA2 and CB2 output 
b5 b4 b3 functions are not identical) 
CA2 


Е m 
10 53=0: Read Strobe with CA1 Restore 0 CA2 (CB2) Interrupt Request Enable/Disable 


-” 
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CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next active CA1 transition, as 
specified by bit 1. 

b3-1: Read Strobe with E Restore 
CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next high-to-low E transition dur- 
ing a deselect. 

C82 

b3=0: Write Strobe with CB1 Restore 
CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output, Register B; returned 
high by the next active СВТ transi- 
tion as specified by bit 1. CRB-b7 
must first be cleared by a read of 
data. 

ЫЗ-1: Write Strobe with E Restore 
CB2 goes low on first low-to-high 
Е transition following an MPU write 
into Output Register B; returned 
high by the next low-to-high E tran- 
sition following an E pulse which 
occurred while the part was de- 
selected. 

Set/Reset CA2 (CB2) 

СА2 (СВ2} goes low as MPU writes 

b3=0 into Control Register. 

CA2 (CB2) goes high as MPU writes 

b3= 1 into Control Register. 


b3=0:; Disables IROALA) MPU Interrupt by 
CA2 (СВ2) active transition.* 
b3=1: Enables IROA(B) MPU Interrupt by 
CA2 (CB2) active transition. 
“ІНОА(В) will occur on next (MPU generat- 
ted) positive transition of b3 if CA2 (CB2) 
active transition occurred while interrupt 
was disabled. 
Determines Active CA2 (CB2) Transition for 
Setting Interrupt Flag IROA(BI2 — (Ви b6) 
b4=0: IRQAIB)2 set by high-to-low transi- 
tion on CA2 (CB2). 
b4z1: IRQA(B)2 set by low-to-high transi- 
tion on CA2 (CB2). 
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PROGRAMMABLE TIMER MODULE (РТМ) 


The MC6840 is a programmable subsystem component of the M6800 
family designed to provide variable system time intervals. 

The MC6840 has three 16-bit binary counters, three corresponding 
control registers, and a status register. These counters are under soft- 
ware control and may be used to cause system interrupts and/or 
generate output signals. The MC6840 may be utilized for such tasks as 
frequency measurements, event counting, interval measuring, and 
similar tasks. The device may be used for square wave generation, 
gated delay signals, single pulses of controlled duration, and pulse 
width modulation as well as system interrupts. 
€ Operates from a Single 5 Volt Power Supply 
€ Fully TTL Compatible 
€ Single System Clock Required (Enable) 
€ Selectable Prescaler on Timer 3 Capable of 4 MHz for the MC6840, 

6 MHz for the MC68A40 and 8 MHz for the MC68B40 
€ Programmable Interrupts (TRO) Output to MPU 
€ Readable Down Counter Indicates Counts to Go Until Time-Out 
€ Selectable Gating for Frequency or Pulse-Width Comparison 
@ RESET Input 
€ Three Asynchronous Externa! Clock and Gate/ Trigger Inputs 

Internally Synchronized 
€ Three Maskable Outputs 


И RATINGS 


[Symbo [Value [ий | 
[Supply Vonage мес |-031 +70[ У | 
[muVoup — | Ve [озю *79| V | 
б. Operating Temperature Range — T, to Th 
Ci МАНИ ЕЗЕТДІРІ 
MC6840C, MC6BA40C A -4010 +85 


Siorage Temperature Range 


THERMAL CHARACTERISTICS 


[Symbot ШЕКТІ [Unt] 


Thermal Resistance 
Cerdip 65 
Plastic 9JA 116 с 
М 60 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. Reliability of operation is enhanced if unused in- 
puts are tied to an appropriate logic voltage level (е.д., either Ус or Vcc). 
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(1.0 MHz) 


MC68A40 
(1.5 MHz) 


MC68B40 


(2.0 MHz) 


MOS 


(N-CHANNEL, SILICON-GATE 
DEPLETION LOAD) 


PROGRAMMABLE TIMER 


і SUFFIX 
CERAMIC PACKAGE 
CASE 719 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710 


S SUFFIX 
CERDIP PACKAGE 
CASE 733 


FIGURE 1 — PIN ASSIGNMENT 


. MC6840 


| 
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FIGURE 2 — BLOCK DIAGRAM 
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о? 
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03 215 
02 <i 315 
о! 1 
Do 
RESET 53 53 оз G2 62 о? GT сто 
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POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat IPp*8jA) (1) 
Where: 

TA x Ambient Temperature, °C 

6 ЈА = Package Thermal Resistance, Junction-to- Ambient, °C/W 

Pp PINT + PPORT 

PINT@™ICC* VCC, Watts — Chip internal Power 

| PPORT = Port Power Dissipation, Watts — User Determined 


b 
For most applications PPORT«PINT and can be neglected. PPORT may become significant if the device is configured to S 
drive Darlington bases or sink LED loads. 


An approximate relationship between Рр and Ty (if PPORT is neglected) is: 


т 
} Pp=K + (Ту + 27390) (2) 
Solving equations 1 and 2 for K gives: 
M Рре(Тд + 273°С) +0 удеРр2 (3) 
Where К is а constant pertaining to the particular рап. К can be determined from equation 3 by measuring Pp (а! equilibrium! 
for a known T A. Using this value of K the values of Pp and Т.) can be obtained by solving equations (1) and (2) iteratively for any 
| value of TA. 
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DC ELECTRICAL CHARACTERISTICS (усс=5.0 Vdc +5%. Ves -0, TA TL to J 


Input Leakage Current (Vin =О to 5.25 VI 
Three-State (Off State) Input Current (Vin = 0.5 to 2.4 V) 


Output High Voltage 
(И осад = ~ 205 pA) 
(1 сад = — 200 pA} 
Output Low Voltage 


llLoag 1.6 mA) 
{ILoad = 3.2 ТА) 


Output Leakage Current (Off State) (VOH = 2.4 V) 
Internal Power Dissipation (Measured at Ta = Ti) 


Input Capacitance 
(Vin=9. Ta = 25°С, f= 1.0 MHz) 


Outpui Capacitance 
(Vin =0, Ta = 25°C, f= 1.0 MHz) 


AC OPERATING CHARACTERISTICS (See Figures 4-9) 


Input Rise and Fall Times 
(Figures 4 and 5) C, б and RESET 


Input Pulse Width Low (Figure 4) 
{Asynchronous Input 


C. G and RESET 


input Pulse Width High (Figure 5) 
(Asynchronous Input) C, б 


Input Setup Time (Figure 6) 
{Synchronous Input) 
C, G and RESET 

input Hotd Time (Figure 6) 
(Synchronous input) 
C, G and RESET 


Input Synchronization Time (Figure 9) 
СЗ (+8 Prescaler Mode Only) 


input Pulse Width 
"C3 (+ В Prescater Mode Only) 

Output Delay, 01-03 (Figure 7) 
(Мон = 2.4 V, Load В) TTL 
(Мон = 2.4 V, Load 0) MOS 
Уон = 0.7 Vpp, Load D) CMOS 

Interrupt Release Time 


“te and tts tcycE 


uniess otherwise noted) 


MC68840 


cas] - em] 


ied ђе * Ы BH 
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BUS TIMING CHARACTERISTICS ‘See Notes 1, 2, зла 2 


€ | Min | Мах | e овна ом | 

= ce [vo | o Јову] ю [os 10 | њ | 

[ 2 | Puise Wion, Etow  — O O —  . OOO f Pwe 480 [9600 | 280 | 9600 210 | 950) ns | 

t [3 иеме High —— — — — ремен [аво [sso |2 |% | 220 |950) vs | 

нА | [ 4 GekRseadfaTme —— — — ОСА |- |5]-|5|- ПОР: | 

za o | Aadress Ною Time аан ЕТЕ - ЕСЕ ШЕН ЕГЕ ШЕШ ЕГЕН 

[5 дөнен seun Tmo в | ws lof- 9| —L*] - | 

| |__за | бое ева Serup Tme Betre ре Гю o- [2] – | | 

[ 35 _| Спрбвесно ће _________________| xw [Г рор [о | [м | 

[ 38 _| RedDssHodTme ________________| она | 2 | 5] 2 | SOT 2 | 9] ~ | 

g [ 2: | Міне бег нге мм ј по | – | по | - | 0] – frs | 

[3 | рерна бир Dawe Dewy Tone —  — o | — |зо | – | те | - | по ЕСІН 

РА | [—Rh-[ewhesimurDaaSeupTme — —  — sw [= Је 1.- [0] – [о | 
Е “Тһе data bus output buffers аге по longer sourcing or sinking current by IDHA max (High Impedance). 

В FIGURE 3 — BUS TIMING 


LR c — 


- © 
емш ТООХ а ПИ 


бт = | 
а __- - 


Read Data MPU Read Data Non-Muxed 
Non-Muxed 

Write Data MPU Write Data Non-Muxed 
Muxed 


FIGURE 4 — INPUT PULSE WIDTH LOW FIGURE 5 — INPUT PULSE WIDTH HIGH 
PWL - 1, ч 
28 а 
RESET 61-63 
' PWH 
ч tr 
` 
NOTES: 


1. Not al! signals are applicable to every part. 
2. Voltage levels shown are М 50.4 V, Ун 2.4 V, unless otherwise specified. 
3. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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№ 


FIGURE 7 — OUTPUT DELAY 


FIGURE 6 — INPUT SETUP AND HOLD TIMES 


01-03 


"тов" 0.7 X Усс variou 


FIGURE 8 — IRQ RELEASE TIME x ticular 
EC 7 à 
mg мис 
Gata is 
ЧА танган 
_ бестетк 
тв | 


FIGURE 9 — C3 INPUT SYNCHRONIZATION TIME («8 PRESCALER MODE ONLY) 


Wi Cycle N+ 1 


"еңді А 


BIDIRE 
lines (DO- 
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' 
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FIGURE 10 — BUS TIMING TEST LOADS } 

Load B Uest (Rees: Wn 

oad ( tivated) 

Load A ted), 
(00-07) (01,02,02) (О Only ; 

4 (TTL Load) а СНР $ 

| эш 0f device under test 50v 10 activate 


В. = 1.25 к i from the Р 
өкі за selected ап 


MMD6150 
or Equiv Test Point 


MMD6150 
or Euuiy 


READ/ 
MPL to со 
Bus With 
- MMD7000 
or Eau TERRE line enables 

MPU to the 
Alternately, 
Enable high 


Test Point 


130 oF 
MMD 7000 


or Equiv 


д 


E ' ©з лон ENABLE | 
1 (CMOS Load) data transte 
; (mos) ( forms an equ 

Clock, reset, 


> ғ Test Point 
A | ' INTERRUR 
+ 30 oF Request signi 
| terrup: стсш 


NOTE: Timing measurements are referenced to and from а low voltage of 0 8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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DEVICE OPERATION 


The MC6840 is part of the M6800 microprocessor family 
and is fully bus compatible with M6800 systems. The three 
timers in the MC6840 operate independently and in several 
distinct modes to fit a wide variety of measurement and syn- 
thesis applications. 

The MC6840 is an integrated set of three distinct 
counter/timers (Figure 1). It consists of three 16-bit data 
latches, three 16-bit counters (clocked independently), and 
the comparison and enable circuitry necessary to implement 
various measurement and synthesis functions. In addition, it 
contains interrupt drivers to alert the processor that a par- 
ticular function has been completed. 

In а typica! application, a timer will be loaded by first stor- 
ing two bytes of data into an associated Counter Latch. This 
data is then transferred into the counter via a Counter In- 
itialization cycle. If the counter is enabled, the counter 
decrements on each subsequent clock period which may be 
an external clock, or Enable (E) until one of several predeter- 
mined conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, controllable by external 
inputs or the MPU program, and accessible by the MPU at 
any time. 


BUS INTERFACE 

The Programmable Timer Module (PTM) interfaces to the 
M6800 Bus with an 8-bit bidirectional data bus, two Chip 
Select lines, a Read/Write line, a clock (Enable) line, and In- 
terrupt Request fine, an external Reset line, and three 
Register select lines. VMA should be utilized in conjunction 
with an MPU address line into a Chip Select of the PTM 
when using the MC6800/6802/6808. 


BIDIRECTIONAL DATA (00-07) — The bidirectional data 
lines (00-07) allow the transfer of data between the MPU 
and PTM. The data bus output drivers are three-state 
devices which remain in the high-impedance (off) state ex- 
cept when the MPU performs a PTM read operation 
(Read/Write and Enable lines high and PTM Chip Selects ac- 
tivated). 


CHIP SELECT (CS0, CS1) — These two signals аге used 
to activate the Data Bus interface and allow transfer of data 
from the РТМ. With С50=0 and CS1=1, the device is 
selected and data transfer will occur. 


READ/WRITE (R/W) — This signal is generated by the 
MPU to control the direction of data transfer on the Data 
Bus. With the PTM selected, a low state on the PTM R/W 
line enables the input buffers and data is transferred from the 
MPU to the PTM on the trailing edge of the E (Enable) clock. 
Alternately, (under the same conditions) R/W=1 and 
Enable high allows data in the PTM to be read by the MPU. 


ENABLE (E CLOCK) — The Е clock signal synchronizes 
data transfer between the MPU and the PTM. It also per- 
forms an equivalent synchronization function on the external 
Clock, reset, and gate inputs of the PTM. 


INTERRUPT REQUEST (IRQ) — The active low Interrupt 
Request signal is normally tied directly (ог through priority in- 
terrupt circuitry) to the IRO input of the MPU. This is an 
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“open drain” оштри! (no load device on the chip) which per- 
mits other similar interrupt request lines to be tied together in 
a wire-OR configuration. 

The IRQ line is activated if, and only if, the Composite In- 
terrupt Flag (Bit 7 of the Internal Status Register) is asserted. 
The conditions under which the IRQ line is activated are 
discussed in conjunction with the Status Register. 


RESET — A low level at this input is clocked into the PTM 
by the E (Enable) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM then 
recognizes the active “‘low” or inactive “high” on the third 
Enable pulse. If the RESET signal is asynchronous, an addi- 
tional Enable period is required if setup times are not met. 
The RESET input must be stable High/Low for the minimum 
time stated in the AC Operating Characteristics. 

Recognition of a low level at this input by the PTM causes 
the following action to occur: 

а. All counter latches are preset to their maximum count 

values. 

b. Ай Control Register bits are cleared with the exception 

of CR10 linternal reset bit) which is set. 

c. All counters are preset to the contents of the latches. 

d. All counter outputs are reset and all counter clocks are 

disabled. 

e. All Status Register bits (interrupt flags) are cleared. 


REGISTER SELECT LINES (RSO, RS1, RS2) — These in- 
puts are used in conjunction with the R/W line to select the 
internal registers, counters and latches as shown in Table 1 


NOTE: 

The PTM is accessed via MPU Load and Store operations 
in much the same глаппег as a memory device. The instruc- 
tions available with the M6800 family of MPUs which per- 
form read-modify-write operations on memory should not be 
used when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore it to the same address location. Since the PTM uses 
the R/W line as an additional register select input, the 
modified data will not be restored to the same register if 
these instructions are used. 


CONTROL REGISTER 

Each timer in the MC6840 has a corresponding write-only 
Contro! Register. Control Register #2 has a unique address 
space (850 = 1, RS = 0, А52 = 0} and therefore may be writ- 
ten into at any time. The remaining Control Registers (41 and 
#3) share the Address Space selected by a logic zero on а! 
Register Select inputs. 


CR20 — Тһе least-significant bit of Control Register #2 
(CR20) is used as an additional addressing bit for Control 
Registers 41 and £3. Thus, with all Register selects and R/W 
inputs at logic zero, Control Register #1 will be written into if 
CR20 is a logic one. Under the same conditions, Control 
Register #3 can also be written into after a RESET low condi- 
tion has occurred, since all control register bits (except 
СВ10) are cleared. Therefore, one may write in the sequence 
САЗ, CR2, CRI. 
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TABLE 1 — REGISTER SELECTION ' 


R20-0 Write Control Register #3 


No Operation 


CR20* 1 Write Control! Register #1 


rite Control Register #2 


CR10 — The least-significant Би of Control Register #1 is 
used as an Interna! Reset bit. When this bit is a logic zero, all 
timers are allowed to operate in the modes prescribed by the 
remaining bits of the control registers. Writing a "one" into 
CR10 causes alt counters to be preset with the contents of 
the corresponding counter latches, all counter clocks to be 
disabied, and the timer outputs and interrupt flags (Status 
Register) to be reset. Counter Latches and Control Registers 
are undisturbed by an Interna! Reset and may be written into 
regardless of the state of CR10. 


Read Status Register 


Read Timer #3 Counter 
Read LSB Buffer Register: 


The least-signifcant bit of Control Register #3 is used as a 
selector for a +8 prescaler which is available with Timer #3 
only. The prescaler, if selected, is effectively placed between 
the clock input circuitry and the input to Counter #3. It can 
therefore be used with either the internal clock (Enable) or an 
external clock source. 


CR30 — The functions depicted in the foregoing discus- 
sions are tabulated in Table 2 for ease of reference. 


TABLE 2 — CONTROL REGISTER BITS 


Timer £X Counter Output Enable 
TX Output masked on output OX 
_ TX Output enabled on output OX 


Control Register X 


Timer #X Counting Mode Control 


CR10 Internal Reset Bit 
О Ali timers allowed to operate 
All umers held in pn 3 


Timer £X interrupt Enable 
Interrupt Flag masked on [RO 
Interrupt Flag enabled to МО 


ol X=1,20r3 


TX configured for normal (16-bit) counting mode 
TX contigured for dual би Counting mode 


Timer fX Clock Source d 
TX uses external clock source on CX input 
TX uses Enable clock 


CR20 Contro! Registe: Address Bit 
0 СРЕЗ may be written 
СВ41 may бе меп 


Timer 4X Counter Mode and imerrupt Control (See Tabie 3) 


CRO Timer #3 Clock Control 
0 T3 Clock is not prescaled 


“стоп 


327 ned а: 


257 unctior 
erede the 
22701 regi 
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Control Register Bits CR10, CR20, and CR30 are unique in 
that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common func- 
tions, with a particular Control Register affecting oniy its cor- 
responding timer. 


CRX1 — Bit 1 of Control Register £1 (CR11) selects 
whether an internal or external clock source is to be used 
with Timer #1. Similarly, CR21 selects the clock source for 
Timer #2, and CR31 performs this function for Timer #3. The 
function of each bit of Control Register "X" can therefore be 
defined as shown in the remaining section of Table 2. 


CRX2 — Control Register Bit 2 selects whether the binary 
information contained in the Counter Latches (and subse- 
quently loaded into the counter! is to be treated as a single 
16-bit word or two &-bit bytes. In the single 16-bit Counter 
Mode (CRX2=0) the counter will decrement to zero after 
№ + 1 enabled (С = 0) clock periods, where М is defined as the 
16-bit number in the Counter Latches. With САХ2= 1, а 
similar Time Out will occur after (L+ 1)*«(M + 1) enabled 
clock periods, where L and M, respectively, refer to the LSB 
and MSB bytes in the Counter Latches. 


CRX3-CRX7 — Control Register Bits 3, 4, and 5 are ex- 
plained in detail in the Timer Operating Mode section. Bit6is 
an interrupt mask bit which will be explained more fully in 
conjunction with the Status Register, and bit 7 is used to 
enable the corresponding Timer Output. A summary of the 
control register programming modes is shown in Table 3. 


STATUS REGISTER/INTERRUPT FLAGS 
The MC6840 has an internal Read-Only Status Register 

which contains four Interrupt Flags. (The remaining four bits 
of the register are not used, and defaults to zeros when be- 
ing read.) Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, 
respectively, as individual flag bits, while Bit 71s a Composite 
Interrupt Flag. This flag bit will be asserted «f any of the in- 
dividual flag bits is set while Bit 6 of the corresponding Con- 
trol Register is at a logic one. The conditions for asserting 
the composite Interrupt Flag bit can therefore be expressed 
as: 

INT = li CR16 + 12 CR26 + 13. CR36 

where INT = Composite Interrupt Flag (Bit 7) 

11 = Timer #1 Interrupt Flag (Bit 0) 


122 Timer #2 Interrupt Flag (Bit 1) 
13= Timer #3 Interrupt Над (Bit 2) 


An interrupt flag is cleared by a Timer Reset condition, 
i.e., External RESET =0 or Internal Reset Ви (CR10) = 1. tt 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while 
the interrupt flag was set. This condition on the Read Status 
Register-Read Timer Counter (RS-RT) sequence is designed 
10 prevent missing interrupts which might occur after the 
Status register is read, but prior to reading the Timer 
Counter. 

An Individual interrupt Flag is also cleared by a Write 
Timer Latches (W) command or а Counter Initialization (СІ) 
sequence, provided that W ог СІ affects the Timer cor- 
responding to the individual Interrupt Бад. 


COUNTER LATCH INITIALIZATION , 

Each of the three independent timers consists of a 16-bit 
addressable counter and a 16-bit addressable latch. The 
Counters are preset to the binary numbers Stored in the iatch- 
es. Counter initialization results in the transfer of the latch 
contents to the counter. See notes in Table 4 regarding the 
binary number N, L, or M placed into the Latches and their 
relationship to the output waveforms and counter Time- 
Outs. 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, а temporary register (MSB Buffer Register! is 
provided. This "write only" register is for the Most- 
Significant Byte of the desired latch data Three addresses 
are provided for the MSB Buffer Register (as indicated in 
Table 1), but they all lead to the same Buffer. Data from the 
MSB Buffer will automatically be transferred into the Most- 
Significant Byte of Timer £X when a Write Timer #X Latches 
Command is performed. So it can be seen that the MC6840 
has been designed to allow transfer of two bytes of data into 
the counter latches provided that the MSB is transferred 
first. The storage order must be Observed to ensure proper 
latch operation. 

In many applications, the source of the data will be an 
M6800 Family MPU. It should be noted that the 16-bit store 
operations of the M6800 family microprocessors (STS and 
STX)? transfer data in the order required by the РТМ. A Store 
Index Register Instruction, for example, results in the MSB 
of the X register being transferred to the selected address, 
then the LSB of the X register being written into the next 
higher location. Thus, either the index register or stack 
pointer may be transferred directly into a selected counter 
latch with a single instruction. 

A logic zero at the RESET input also initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,5354. It is important to note that an Internal 


TABLE 3 — PTM OPERATING MODE SELECTION 


[o [о [0] ontinuous Operating Mode: Gate ! or Write то Latches or Reset Causes Counter initialization 

requency Comparison Mode: Interrupt It Gate 4 | $ is < Counter Time Out 
ontinuous Operating Mode: Gate ! or Reset Causes Counter Initialization 

Ю ulse Width Comparison Mode: Interrupt if Gate 4 4 is« Counter Time Out 

[0 [Single Shot Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 

[1 [Frequency Comparison Mode: Interrupt If Gare # J $ is» Counter Time Out 

[0 [Single Shot Mode: Gate 1 or Reset Causes Counter Initialization 
ulse Width Comparison Mode: Interrupt № Gate 4 $ is» Counter Time Out 
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Ы 
Reset (Ви zero of Control Register 1 Set) has no effect on 
the counter latches. 


COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the In- 
dividual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition 
(RESET = 0 or CR10= 1) is recognized. It can also occur — 
depending on Timer Mode — with a Write Timer Latches 
command or recognition of a negative transition of the Gate 
input. 

Counter recycling or re-initialization occurs when a 
negative transition of the clock input is recognized after the 
Counter has reached an all-zero state. In this case, data is 
transferred from the Latches to the Counter. 


ASYNCHRONOUS INPUT/OUTPUT LINES 

Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line. The inputs 
are high-impedance, TTL-compatibie lines and ouputs are 
capable of driving two standard TTL loads. 


CLOCK INPUTS (C1, C2, and СЗ) — Input pins СІ, (22, 

and СЗ will accept asynchronous TTL voltage level signals to 
decrement Timers 1, 2, and 3, respectively. The high and low 
levels of the external clocks must each be stable for at least 
one system clock period plus the sum of the setup and hold 
times for the clock inputs. The asynchronous clock rate can 
vary from dc to the limit imposed by the Enable Clock Setup, 
and Hold times. 

The external clock inputs are clocked in by Enable pulses. 
Three Enable periods are used to synchronize and process 
the external clock. The fourth Enable pulse decrements the 
internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock input transition and 
internal recognition of that transition by the РТМ. All 
references to C inputs in this document relate to internal 
recognition of the input transition. Note that a clock high or 
low level which does not meet setup and hold time specifica- 
tions may require an additional Enable pulse for recognition. 
When observing recurring events, a lack of synchronization 
will result in "jitte" being observed on the output of the 
PTM when using asynchronous clocks and gate input 
signals. There are two types of jitter. "System jitter” is the 
result of the input signals being out of synchronization with 
Enable, permitting signals with marginal setup and hold time 
to be recognized by either the bit time nearest the input tran- 
sition or the subsequent би time. 

“Input jitter” can be as great as the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and 
not recognized the next cycle, or vice versa. See Figure 11. 


FIGURE 11 — INPUT JITTER 
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CLOCK INPUT C3 (+ 8 PRESCALER MODE) — External 
clock input C3 represents a special case when Timer #3 is 
programmed to utilize its optional + В prescaler mode. 

The divide-by-8 prescaler contains an asynchronous ripple 
counter; thus, input setup (16) and hold times (tng) do not 
apply. As long as minimum input pulse widths are maintain- 
ed, the counter will recognize and process all input clock 
(C3) transitions. However, in order to guarantee that a clock 
transition is processed during the current E cycle, a certain 
amount of synchronization time {tsync) is required between 
the C3 transition and the falling edge of Enable (see Figure 
9). If the synchronization time requirement is not met, it is 
possible that the C3 transition will not be processed until the 
following E cycle. 

The maximum input frequency and allowable duty cycles 
for the +8 prescaler mode are specified under the AC 
Operating Characteristics. internally, the - 8 prescaler cut- 
put is treated in the same глаппег as the previously discussed 
clock inputs. 

GATE INPUTS (G1, G2, G3) — Input pins G1, G2, and G3 
accept asynchronous TTL-compatible signals which are used 
as triggers or clock gating functions to Timers 1, 2, and 3, 
respectively. The gating inputs are clocked into the PTM by 
the E (епаб!е) clock in the same manner as the previously 
discussed clock inputs. That is, a Gate transition is recogniz- 
ed by the PTM on the fourth Enable pulse (provided setup 
and hold time requirements are met), and the high or low 
levels of the Gate input must be stable for at least one system 
clock period plus the sum of setup and hold times. All 
references to G transition in this document relate to interna! 
recognition of the input transition. 

The Gate inputs of all timers directly affect the internal 
16-bit counter. The operation of G3 is therefore independent 
of the +8 prescaler selection. 


TIMER OUTPUTS (01, O2, O3) — Timer outputs O1, 02, 
and O3 are capable of driving up to two TTL loads and pro- 
duce a defined output waveform for either Continuous or 
Singie-Shot Timer modes. Output waveform definition is ac- 
complished by selecting either Single 16-bit or Dual 8-bit 
operating modes. The Single 16-bit mode will produce a 
square-wave output in the continuous mode and a single 
pulse in the single-shot mode. The Dual 8-bit mode will pro- 
duce a variable duty cycle pulse in both the continuous and 
single-shot timer modes. One bit of each Control Register 
(CRX7) is used to enable the corresponding output. If this bit 
is cleared, the output will remain low (VOL! regardless of the 
operating mode. If it is cleared while the output is high the 
Output will go low during the first enabie cycle following a 
write to the Contro! Register. 

The Continuous and Single-Shot Timer Modes are the 
only ones for which output response is defined in this data 
sheet. Refer to the Programmable Timer Fundamentals and 
Applications manual for a discussion of the output signals in 
other modes. Signals appear at the outputs {unless 
CRX7=0) during Frequency and Pulse Width comparison 
modes, but the actual waveform is not predictable in typical 
applications. 
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TIMER OPERATING MODES 

The MC6840 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by using 
three bits of each contro! register (CRX3, CRX4, and CRX5) 
ito define different operating modes of the Timers. These 
modes are divided into WAVE SYNTHESIS and WAVE 
MEASUREMENT modes, and are outlined in Table 4. 


TABLE 4 — OPERATING MODES 


| 


Timer Operating Mode 


| cexs | саха | сахо | 
NMNENEEN T T | synneszer | 
[o | |" | тебя | 
E саланы | measurement 


Pulse Width Comparrson 


“бейлес Additional Timer Function Selection. 


One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation. 
Either symmetrical or variable duty-cycle waves can be 
generated in this mode. The other wave synthesis mode, the 
Single-Shot mode, is similar in use to the Continuous 
operating mode, however, a single pulse is generated, with a 
programmable preset width. 

The WAVE MEASUREMENT modes include the Frequen- 
cy Comparison and Pulse Width Comparison modes which 
are used to measure cyclic and singular pulse widths, respec- 
tively 

In addition to the four timer modes in Table 4, the remain- 
ing control register bit is used to modify counter initialization- 
and enabling or interrupt conditions. 5 


WAVE SYNTHESIS MODES 

CONTINUOUS OPERATING MODE (TABLE 5) — The 
continuous mode will synthesize a continuous wave with a 
period proportional to the preset number in the particular 
timer latches. Any of the timers in the PTM may be program- 
тед to operate in a continuous mode by writing zeroes into 
bits 3 and 5 of the corresponding contro! register. Assuming 


that the timer output is enabled (CRX7 = 1), either a square 
wave or a variable duty cycle waveform will be generated at 
the Timer Qutput, OX. The type. of output is selected via 
Control Register Bit 2. 

Either a Timer Reset (СВ10- 1 or External Reset = 0) con- 
dition or internal recognition of a negative transition of the 
Gate input results in Counter Initialization. A Write Timer 
latches command can be selected as a Counter Initialization 
signal by clearing CRX4. 

The counter is enabled by an absence of a Timer Reset 
condition and a logic zero at the. Gate input. In the 16-bit 
mode, the counter will decrement on the first clock cycle 
during or after the counter initialization cycle. It continues to 
decrement on each clock signal so long as 6 remains low and 
no reset condition exists. A Counter Time Out (the first clock 
after all counter Биз=0) results'in the Individual Interrupt 
Flag being set and reinitialization of the counter 

In the Dua! 8-bit mode (CRX2 = 1) [refer to the example in 
Figure 12 and Tables 5 and 6) the MSB decrements once for 
every full countdown of the LSB + 1. When the LSB =0, the 
MSB is unchanged; on the next clock pulse the LSB is reset 
to the count in the LSB Latches, and the MSB is 
decremented by 1 (one). The output, if enabled, remains iow 
during and after initialization and will remain low until the 
counter MSB is ali zeroes. The output will go high at the 
beginning of the next clock pulse. The output remains high 
until both the LSB and MSB of the counter are all zeroes. At 
the beginning of the next clock pulse the defined Time Out 
(TO! will occur and the output will go low. In the Dual 8-bit 
mode the period of the output of the example in Figure 12 
would span 20 clock pulses as opposed to 1546 clock pulses 
using the norma! 16-bit mode. 

A special time-out condition exists for the dual 8-bit mode 
(CRX2- 1) if = 0. In this case, the counter will revert to а 
mode similar to the single 16-bit mode, except Time Out oc- 
curs after M + 1" clock pulses. The output, if enabled, goes 
low during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical lis re- 
initialized at each Time Out) and the Individual Interrupt Flag 
is set when Time Out occurs. № M=L=0, the internal 
counters do not change, but the output toggles at a rate of 
% the clock frequency. 


TABLE 5 — CONTINUOUS OPERATING MODES 
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FIGURE 12 — TIMER OUTPUT WAVEFORM EXAMPLE | 
(Continuous Dual 8-Ви Mode Using Internal Enable) . | 


Example: Contents of MSB = 03 = M 
Contents of LSB = 04 = L | 
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Algebraic Expression 
(04 + 1)(03 + 1) = 20 Enable or 
External! Clock Pulses 


*Preset LSB and MSB to Respective Latches on the negative transition of the Enable 
**Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable 


The discussion of the Continuous Mode has assumed that 
the application requires an output signal. It should be noted 
that the Timer operates in the same manner with the output 
disabled (СНХ? = 0). A Read Timer Counter command is 
valid regardless of the state of CRX7. 


SINGLE-SHOT TIMER MODE — This mode is identical to 
the Conunuous Mode with three exceptions. The first of 
these is obvious from the name — the output returns to a 
low level after the initial Time Out and remains low until 
another Counter Initialization cycle occurs. 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Ош of 


the counter results in the setting of an Individual Interrupt 
Flag and re-initialization of the counter. 

The second major difference between the Single- Shot and 
Continuous modes is that the internal counter enable is ^ot 
dependent on the Gate input level reamining in the low state 
for the Single-Shot mode. 

Another special condition is introduced m the Single-Shot 
mode. If L2 М=0 (Dual 8-би) or М-0 (Single 16-bit), the 
output goes low on the first clock received during or after 
Counter Initialization. The output remains low until the 
Operating Mode is changed or nonzero data is written into 
the Counter Latches, Time Outs continue to occur at the end 
of each clock period. 


TABLE 6 — SINGLE-SHOT OPERATING MODES 
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The three differences between Single-Shot and Continous 
Timer Mode can be summarized as attributes of the Single- 
Shot mode: 

1. Output is enabled for only one pulse until it is reinitializ- 
ed. 

2. Counter Enable is independent of Gate. 

3. L=M=0 or М=0 disabies output. 

Aside from these differences, the two modes are identical. 


WAVE MEASUREMENT MODES 


TIME INTERVAL MODES — The Time Interval Modes are 
the Frequency (period) Measurement and Pulse Width Com- 
parison Modes, and are provided for those applications 
which require more flexibility of interrupt generation and 
Counter Initialization. Individual Interrupt Flags are set in 
these modes as a function of both Counter Time Out and 
transitions of the Gate input. Counter Initialization is also at- 
fected by Interrupt Flag status. 

A timer's output is normally not used in a Wave Measure- 
ment mode, but it is defined. If the output is enabled, it will 
operate as follows. During the period between reinitialization 
of the timer and the first Time Out, the output will be a 
logical zero. If the first Time Out is completed (regardless of 
its method of generation), the output will go high. If further 
TO's occur, the output will change state at each completion 
of a Time-Out 

The counter does operate in either Single 16-bit or Dual 
8-bit modes as programmed by CRX2. Other features of the 
Wave Measurement Modes are outlined in Table 7. 


Frequency Comparison Or Period Measurement Mode 
(CRX3- 1, CRX4=0) — The Frequency Comparison Mode 
with CRX5= 1 is straightforward. If Time Out occurs prior to 
the first negative transition of the Gate input after a Counter 
Initialization cycle, and Individual Interrupt Flag is set. The 
counter is disabled, and a Counter Initialization cycle cannot 
begin until the interrupt flag is cleared and a negative transi- 
tion on G is detected. 

if CRX5=0, as shown in Tables 7 and 8, an interrupt is 
generated if Gate input returns iow prior to a Time Out. If a 
Counter Time Out occurs first, the counter is recycled and 
continues to decrement. А bit is set within the timer on the 
initial Time Out which precludes further individual interrupt 


generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition 
of the Gate input starts a new Counter Initialization cycle. 
(The condition of GI«T- TO is satisfied, since a Time Out 
has occurred and no individual Interrupt has been 
generated.) 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the Gate input with the time period re- 
quested for Counter Time Out. A negative transition of the 
Gate Input enables the counter and starts a Counter in- 
itialization cycle — provided that other conditions, as noted 
in Table 8, are satisfied. The counter decrements on each 
clock signal recognized during or after Counter Initialization 
until an Interrupt is generated, a Write Timer Latches com- 
mand is issued, or a Timer Reset condition occurs. It can be 
seen from Table 8 that an interrupt condition will be 
generated if CRX5=0 and the period of the pulse (single 
pulse or measured separately repetitive pulses) at the Gate 
input is less than the Counter Time Out period. If CRX5- 1, 
an interrupt is generated if the reverse is true. 

Assume now with CRX5=1 that a Counter Initialization 
has occurred and that the Gate input has returned low prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter In- 
itialization Cycle. The process will continue with frequency 
comparison being performed on each Gate input cycle until 
the mode is changed. or a cycle is determined to be above 
the predetermined limit. 


Pulse Width Comparison Mode (CRX3- 1, CRX4= 1) — 
This mode is similar to the Frequency Comparison Mode ex- 
cept for a positive, rather than negative, transition of the 
Gate input termintes the count. With CRX5= 0, an Individual 
interrupt Flag will be generated if the zero level pulse applied 
to the Gate input is less than the time period required for 
Counter Time Out. With CRX5= 1, the interrupt is genereted 
when the reverse condition is true. 

As can be seen in Table 8, a positive transition of the Gate 
input disables the counter. With CRX5=0, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 


FIGURE 7 — OUTPUT DELAY 
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[ru pw ыы interrupt Generated if Gate Input “Down Time” is greater 
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4-417 


4^ 


я 


MC6840* MC68A40* MC68B40 


TABLE 8 — FREQUENCY COMPARISON MODE 


Frequency 
Pulse Width 
Comparison 


6! = Negative transition of Gate input. 

W =Write Timer Latches Command. 

А =Timer Reset (CR10= 1 or External RESET = 0) 
М =16-Ви Number in Counter Latch 


TO = Counter Time Out (All Zero Condition) 
| = Interrupt for a given timer 


“Ай me intervals shown above assume the Gate (б) and Clock (C) Signals are sycnhronized 10 the system clock 
(E) with the specified setup and hold time requirements 
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SYNCHRONOUS SERIAL DATA ADAPTER (SSDA) 


MOS 


(N-CHANNEL, SILICON-GATE) 


The MC6852 Synchronous Serial Data Adapter provides a bidirec- 
tional serial interface for synchronous data information interchange. It 
contains interface logic for simultaneously transmitting and receiving 
standard synchronous communications characters in bus organized 
systems such as the M6800 Microprocessor systems. 

The bus interface of the MC6852 includes select, enable, read/ write, 
interrupt, and bus interface logic to allow data transfer over an B-bit bi- 
directional! data bus. The parallel data of the bus system is serially 
transmitted and received by the synchronous data interface with syn- 
chronization, fill character insertion/deletion, and error checking. The 
functional configuration of the SSDA is programmed via the data bus 
during system initialization. Programmable control registers provide 
control for variable word lengths, transmit control, receive control, syn- 
chronization control, and interrupt control. Status, timing and control 
lines provide peripheral or modem control. 

Typical applications include floppy disk controllers, cassette or car- 
tridge tape controllers, data communications terminals, and numerical 
Control systems 


€ Programmable Interrupts from Transmitter, Receiver, and Error 
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€ Character Synchronization on One- or Two-Sync Codes ЕУ 716 A 


€ External Synchronization Available for Parallel-Serial Operation 
• Programmable Sync Code Register 

€ Up to 1.5 MHz Transmission 

€ Peripheral/ Modem Control Functions 

€ Three Bytes of FIFO Buffering on Both Transmit and Receive 
€ 7-, 8-, or 9-Bit Transmission 

® Optional Even and Odd Parity 

€ Parity, Overrun, and Underflow Status 
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| POWER CONSIDERATIONS 
} The average chip-junction temperature, Tj, in °С can be obtained from: ү 
| Т)=тд+(РредјА) | (1) т; аас 

L SUFFIX i Where: 4, 

pes cr i Ta = Ambient Temperature, °C Бода УРА 
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| PD= PINT + PPORT 
| PiNT ICC x УСС, Watts — Chip Internal Power 
| PPORT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT < PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
miel бе An approximate relationship between Pp and TJ (if PPORT is neglected! is: | 
А$Е 623 Рр=к + (Т) + 273°C) (2) 4 
Solving equations 1 and 2 for K gives: 1 
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AC ELECTRICAL CHARACTERISTICS ІУсс-5.0У £596, У$5 =0, ТА = Ti to TH unless otherwise noted) 


Characteristic 


Receive Data Hold Time (Figure 3) 
Sync Match Delay Time (Figure 3) 


*1.0 ws or 1096 of the pulse width, whichever is smaller 


FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE 
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FIGURE 3 — RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 
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Rx Data АМА 


n= Number of Bits in Character 
= Don't Care 


Sync Match 


* 1 Rx CLK Period 


Note: Timing measurements are referenced 10 and from a low voltage of 0,8 volts and a high voltage of 2.0 volts, unless otherwise noted 
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FIGURE 4 — TRANSMIT DATA OUTPUT DELAY AND FIGURE 5 — DATA TERMINAL READY AND INTERRUPT 
TRANSMITTER UNDERFLOW DELAY TIME REQUEST RELEASE TIMES 
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п = Number of bits in character 


FIGURE 6 -- CLEAR-TO-SEND SETUP TIME FIGURE 7 — DATA CARRIER DETECT SETUP TIME 


CTS 
DCD 
{CTS 

Rx CLK 

Tx CLK 
Notes: 
{TOD - a. Must occur before DCD goes low. 

b. First data bit placed in Rx shift register 

Tx Data C. Last data би of byte placed in Rx shift register 


d. Rx data byte transferred from shift register to Rx FIFO. 
e. Clock edge required for generation of TAG by RDA status 
Note: Refer to Figure 3 for the Rx data setup and hold times. 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, uniess otherwise noted. 


BUS TIMING TEST LOADS 


Load A Load B 
(DO-D7, DTR, Tx Data, TUF) (TAO Only) 
5.0 V 5.0 У 
Я =2.5 kf 3kn 
MMD6150 ; 
Test Point ot Equiv. Test Point 
100 pF 

MMD7000 
or Equiv. 

С = 130 pF for 00-07 R= 11.7 kR for 00-07 


= 30 pF for DTR, Tx Data, and TUF = 24 kf for DTR, Tx Data, and TUF 


үү?” 


"тү 


МС6852• MC68A52* MC68B52 


BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 
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“Тһе data bus output buffers are no longer sourcing or sinking current by toHRmax (High Impedance), 


FIGURE 8 — BUS TIMING CHARACTERISTICS 
(READ/WRITE INFORMATION!) 
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Notes: 
1. Voltage levels shown are Vi $0.4 V, Уң z 24 V, uniess otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified 
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DEVICE OPERATION 


At the bus interface, the SSDA appears as two ad- 
dressable memory locations. Internally, there are seven 
registers: two read-only and five write-only registers. The 
read-only registers are Status and Receive Data; the write- 
only registers are Control 1, Control 2, Control 3, Sync Code 
and Transmit Data. The serial interface consists of serial in- 
put and output lines with independent clocks, and four 
peripheral/modem control lines. 

Data to be transmitted is transferred directly into the 
3-byte Transmit Dara First-In First-Out (FIFO! Register from 
the data bus. Availability of the input to the FIFO is indicated 
by the TDRA bit in the Status Register; once data is entered, 
it moves through the FIFO to the last empty location. Data at 
the output of the FIFO is automatically transferred from the 
FIFO to the Transmitter Shift Register as the shift register 
бесотеѕ available to transmit the next character. If data is 
not available from the FIFO {underflow condition), the 
Transmitter Shift Register is automatically loaded with either 
а Sync code or an а! "1'5" character. The transmit seciton 
may be programmed to append even, odd, or no parity to 
the transmitted word. An external contro! line (Clear-to- 
Зепд) is provided to inhibit the transmitter without Clearing 
the FIFO. 

Serial data is accumulated in the receiver based on the 
Synchronization mode selected. In the external sync mode, 
used for parallel-serial operation, the receiver is synchronized 
by the OCD (Data Carrier Detect} input (Figure 9) and 
transfers successive bytes of data to the input of the 
Receiver FIFO. The single-sync-character mode requires that 
а match occur between the Sync Code Register and one in- 
coming character before data transfer to the FIFO begins. 
The two-sync-character mode requires that two Sync codes 
be received in sequence to establish synchronization. Subse- 
quent to synchronization in any mode, data is accumulated 
in the shift register, and parity is optionally checked. An in- 
dication of parity error is carried through the Receiver FIFO 
with each character to the last empty location. Availability of 
a word at the FIFO output is indicated by the ADA status bit 
in the Status Register, as is a parity error (PE). 

The SSDA and its internal registers are selected by RS, 
CS, Read/Write (R/W) and Enable control lines. To con- 
figure the SSDA, Control Registers are selected and the ap- 
propriate bits set. The Status Register is addressable for 
reading status. aes 

Other 1/0 lines, in addition to Clear-to-Send (CTS) and 
Data Carrier Detect (DCD), include SM/DTR (Sync 
Match/Data Terminal Ready) and Transmitter Underflow 
(TUF). The transmitter and receiver each have individual 
clock inputs allowing simultaneous operation under separate 
clock control. Signals to the microprocessor are the Data 
Bus and Interrupt Request (IRQ). 


INITIALIZATION 


During a power-on sequence, the SSDA is reset via the 
RESET input and internally latched in a reset condition to 
prevent erroneous output transitions. The Receiver Shift 
Register is set to all “175%. The Sync Code Register, Control 
Register 2, and Control Register 3 should be programmed 
prior to the programmed release of the Transmitter and/or 
Receiver Reset bits; these bits in Contro! Register 1 should 
be cleared after the RESET line has gone high. 


TRANSMITTER OPERATION 


. Data is transferred to the transmitter section in parallel 
form by means of the data bus and Transmit Data FIFO. The 
Transmit Data FIFO is a 3-byte register whose status is in- 
dicated by the Transmitter Data Register Available status bit 

(ТОВА) and its associated interrupt enable bit. Data is 
transferred through the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. 
The 1-byte transfer mode provides for writing data to the 
transmitter section (and reading from the receiver section! 
one Dyte at a time. The 2-byte transfer mode provides for 
writing two data characters in succession. 

Data will automatically transfer from the last register loca- 
tion in the Transmit Data FIFO (when it contains data) to the 
Transmitter Shift Register during the last half of the last би 
of the previous character. A character is transferred into the 
Shift Register by the Transmitter Clock. Data is transmitted 
LSB first, and odd or even parity can be optionally append- 
ed. The unusad bit positions in short word length characters, 
from the data bus, are "don't cares". (Note: The data bus in- 
puts may be reversed for applications requiring the MSB to 
be transferred first, e.g., ІВМ format for floppy disks; 
however, care must be taken to properly program the control 
registers — Table 1 will have its bit positions reversed.) 

When the Shift Register becomes empty, and data is not 
available for transfer from the Transmit Data FIFO, an 
“underflow” occurs, and a character is inserted into the 
transmitter data stream to maintain character synchroniza- 
tion. The character transmitted on underflow will be either a 
"Mark" (а! 715") or the contents of the Sync Code 
Register, depending upon the state of the Transmit Sync 
Code on Underflow control bit. The underflow condition is 
indicated by a pulse {=1 Tx CLK high period! on the 
Underflow output (when in Tx Sync on underflow mode) 
The Underflow output occurs coincident with the transfer of 
the last half of the last bit preceding the underflow character. 
The Underflow status bit is set until cleared by means of the 
Clear Underfiow controi bit. This output may be used in flop- 
Dy disk systems to synchronize write operations and for ap- 
pending CRCC. 

Transmission is initiated by clearing the Transmitter Reset 
bit in Control Register 1. When the Transmitter Reset bit is 
cleared, the first fu// positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data 
or underflow characters beginning on the negative edge of 
the Transmit Clock pulse which started the cycle. If the 
Transmit Data FIFO was not loaded, an underflow character 
will be transmitted (see Figure 4). 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitter by means of external system hatd- 
ware; e.g., the modem CTS output provides the control in а 
data communications system. The CTS input resets and in- 
hibits the transmitter section when high, but does not reset 
the Transmit Data FIFO. The TDRA status bit is inhibited by 
CTS being high in either the one-sync character or two-sync 
Character mode of operation. In the external sync mode, 
TDRA is unaffected by CTS in order to provide Transmit 
Data FIFO status for preloading and operating the transmit- 
ter under the control of the CTS input. When the Transmit- 
ter Reset bit (Tx Нв) is set, the Transmit Data FIFO is cleared 
and the TDRA status bit is claared. After one E clock has oc- 
curred, the Transmit Data FIFO becomes available for new 
data with TORA inhibited. 
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RECEIVER OPERATION 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data (Rx 
Data) and Receive Clock (Rx CLK) inputs. The data is a con- 
tinuous stream of binary data bits without means for identi- 
fying character boundaries within the stream. It is, therefore, 
necessary to achieve character synchronization for the data 
at the beginning of the data block. Once synchronization is 
achieved, it is assumed to be retained for all successive 
characters within the block. 

Data communications systems utilize the detection of sync 
codes during the initial portion of the preamble to establish 
character synchronization. This requires the detection of a 
single code or two successive sync codes. Floppy disk and 
cartridge tape units require sixteen bits of defined preamble 
and cassettes require eight bits of preamble to establish the 
reference for the start of record. All three are functionally 
equivalent to the detection of sync codes. Systems which do 
not utilize code detection techniques require custom logic 
external to the SSDA for character synchronization and use 
of the parallel-to-serial (external sync! mode. (Note: The 
Receiver Shift Register is set to ones when reset.) 


SYNCRHONIZATION 

The SSDA provides three operating modes with respect to 
character synchronization: one-sync-character mode, two- 
sync-character mode, and external sync mode. The external 
Sync mode requires synchronization and control of the 
receiving section through the Data Carrier Detect (OCD) in- 
put (see Figure 7). This external synchronization could con- 
sist of direct line control from the transmitting end of the 
serial data link or from external logic designed to detect the 
start of the message block. The one-sync-character mode 
searches on à bit-by-bit basis until a match is achieved be- 
tween the data in the Shift Register and the Sync Code 
Register. The match indicates character synchronization is 
complete and will be retained for the message block. In the 
two-sync-character mode, the receiver searches for the first 
sync code match on a bit-by-bit basis and then looks for a se- 
cond successive sync code character prior to establishing 
character synchronization. If the second sync code character 
is not received, the bit-by-bit search for the first sync code is 
resumed. 

Sync codes received prior to the completion of syn- 
chronization (one or two character) are not transferred to the 
Receive Data FIFO. Redundant sync codes during the 
preamble or sync codes which occur as “‘fill characters" can 
automatically be stripped from the data, when the Strip 
Sync control bit is set, to minimize system loading. The 
character synchronization will be retained until cleared by 
means of the Clear Sync bit, which also inhib:ts synchroniza- 
tion search when set. 


RECEIVING DATA 

Once synchronization has been achieved, subsequent 
characters are automatically transferred into the Receive 
Data FIFO and clocked through the FIFO to the last empty 
location by E pulses (MPU System $2). The Receiver Data 
Available status bit (RDA) indicates when data is available to 
be read from the last FIFO location (#3) when in the 1-byte 
transfer mode. The 2-byte transfer mode causes the RDA 
status bit to indicate data is available when the last two FIFO 


register locations are full. Data being available in the Receive 
Data FIFO causes an interrupt request if the Receiver Inter- 
tupt Enable (RIE) bit is set. The MPU will then read the 
SSDA Status Register which will indicate that data is 
available for the MPU read from the Receive Data FIFO 
register. The IRQ and RDA status bits are reset by a read 
from the FIFO. If more than one character has been received 
and is resident in the Receive Data FIFO, subsequent E 
clocks will cause the FIFO to update and the RDA and IRQ 
Status bits will agair. be set. The read data operation for the 
2-byte transfer mode requires an intervening E clock be- 
tween reads to allow the FIFO data to shift. Optional parity is 
automatically checked as data is received, and the parity 
status condition is maintained with each character until the 
data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt request if the Error Interrupt Enable (EIE) 
has been set. The parity bit is not transferred to the data bus 
but must be checked in the Status Register. NOTE: In the 
2-byte transfer mode, parity should be checked prior to 
reading the second byte, since a FIFO read clears the error 
bit 

Other status bits which pertain to the receiver section are 
Receiver Overrun and Data Carner Detect (DCD). The Over- 
run status bit is automatically set when a transfer of a 
character to the Receive Data FIFO occurs and the first 
register of the Receive Data FIFO is full. Overrun causes an 
interrupt if Error Interrupt Enable (EIE) has been set. The 
transfer of the overrunning character into the FIFO causes 
the previous character in the FIFO input register location to 
be lost. The Overrun status bit is cleared by reading the 
Status Register (when the overrun condition is present), 
followed by a Receive data FIFO Register read. Overrun can- 
not occur and be cleared without providing an opportunity to 
detect its occurrence via the Status Register. 

A positive transition on the OCD input causes an interrupt 
if the EIE control bit has been set. The interrupt caused by 
DCD is cleared by reading the Status Register when the DCD 
status bit is high, followed by a Receive data FIFO read. The 
DCD status bit will subsequently follow the state of the DCO 
input when it goes low. 


INPUT/OUTPUT FUNCITONS 


SSDA INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the MC6800 MPU with an 8-bit bi- 
directional data bus, a chip-select line, a register-select line, 
an interrupt-request line, read/write line, an enable line, and 
a reset line. These signals, in conjunction with the MC6800 
VMA output, permit the MPU to have complete control over 
the SSDA. 


SSDA Bi-Directional Data (00-07) — The bi-directional 
data lines (00-07) allow for data transfer between the SSDA 
and the MPU. The data bus output drivers are three-state 
devices that remain in the high-impedance (off) state except 
when the MPU performs an SSDA read operation. 


SSDA Enable (E) — The Enable signal, E, is a high- 
impedance TTL-compatible input that enables the bus in- 
put/output data buffers, clocks data 10 and from the SSDA, 
and moves data through the FIFO Registers. 
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Read/Write (R/W) — The Read/Write line is a high- 
impedance input that is TTL compatible and is used to con- 
trol the direction of data flow through the SSDA's in- 
put/output data bus interface. When Read/Write is high 
(MPU read cycle), SSDA output drivers are turned on if the 
Chip is selected and a selected register is read. When it is 
low, the SSDA output drivers are turned off and the MPU 
writes into a selected register. The Read/Write signal is also 
used to select read-only or write-only registers within the 
SSDA. 


Chip Select (CS) — This high-impedance TTL-compatible 
input line is used to address the SSDA. The SSDA is 
selected when CS is low. VMA should be used in generating 
the CS input to insure that false selects will not occur. 
Transfers of data to and from the SSDA are then performed 
under the control of the Enable signal, Read/Write, and 
Register Select. 


Register Select (RS) — The Register Select line is a high- 
impedance input that is TTL compatible. А high level is used 
to select Control Registers C2 and C3, the Sync Code 
Register, and the Transmit/Receive Data Registers. A low 
level selects the Control 1 and Status Registers (see Table 1) 


Interrupt Request (iRQ) — Interrupt Request is а TTL 
compatible, open-drain (no internal pullup), active low out- 
put that is used to interrupt the MPU. The Interrupt Request 
remains low until cleared by the MPU. 


RESET Input — The RESET input provides a means of 
resetting the SSDA from an external source. In the low 
state, the RESET input causes the following: 

1. Receiver Reset (Rx Rs! and Transmitter Reset (Tx Rs) 
bits are set causing both the receiver and transmitter 
sections to be held in a reset condition. 

2. Peripheral Control bits PC1 and PC2 are reset to zero, 
causing the SM/DTR output to be high. 

3. The Error Interrupt Enable (EIE) bit is reset. 

4. An internal synchronization mode is selected. 

5. The Transmitter Data Register Available (TDRA) 
Status bit is cleared and inhibited. 

6. The Receiver Shift Register is set to 1'5. 

When RESET returns high (the inactive state), the 
transmitter and receiver sections will remain in the reset state 
until the Receiver Reset and Transmitter Reset bits аге 
Cleared via the data bus under software control. The control 
Register bits affected by RESET (Rx Rs, Tx Rs, PC1, PC2, 
EIE, and ЕЛ! Sync) cannot be changed when RESET is low. 


CLOCK INPUTS 


Separate high-impedance TTL-compatible inputs are pro- 
vided for clocking of transmitted and received data. 


Transmit Clock (Tx CLK) — The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter 
shifts data on the negative transition of the clock. 


Receive Clock (Rx CLK) — The Receive Clock input is us- 
ed for clocking in received data. The clock and data must be 
synchronized externally. The receiver samples the data on 
the positive transition of the clock. 


SERIAL INPUT/OUTPUT LINES 

` Receive Data (Rx Data) — The Receive Data line is а high- 
impedance TTL-compatible input through which data is 
received in a serial format. 


Transmit Data (Tx Data) — The Transmit Data output line 
transfers serial data to a modem or other peripheral. 


PERIPHERAL/MODEM CONTROL 

The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
Clear-to-Send, Sync Match/Data Termina! Ready, Data Car- 
rier Detect, and Transmitter Underflow. 


Clear-to-Send (CTS) — The CTS input provides a real- 
time inhibit to the transmitter section (the Tx Data FIFO is 
not disturbed). A positive CTS transition resets the Tx Shift 
Register and inhibits the TDRA status bit and its associated 
interrupt in both the one-sync-character and two-sync- 
character modes of operation. ТОВА is not affected by the 
CTS input in the external sync mode. 

The positive transition of CTS is stored within the SSDA 
to insure that its occurrence will be acknowledged by the 
system. The stored CTS information and its associated IRQ 
(if enabled) are cleared by writing a 17 in the Clear CTS bit 
in Control Register 3 or in the Transmitter Reset bit. The CTS 
status bit subsequently follows the CTS input when it goes 
low. 

The CTS input provides character timing for transmitter 
data when in the external sync mode. Transmission is in- 
itiated on the negative transition of the first full positive clock 
pulse of the transmitter clock (Tx CLK) after the release of 
CTS (see Figure 6). 


Data Carrier Detect (DCD) — The DCD input provides a 
real-time inhbit to the receiver section (the Rx FIFO is not 
disturbed). A positive DCD transition resets and inhibts the 
receiver section except for the Receive FIFO and the RORA 
Status bit and its associated IRQ. 

The positive transition of DCD is stored within the SSDA 
to insure that its occurrence will be acknowledged by the 
system. The stored DCD information and its associated IRQ 
lif enabled) are cleared by reading the Status Register and 
then the Receiver FIFO, or by writing a “1” into the Receiver 
Reset bit. The DCD status bit subsequently follows the DCD 
input when it goes low. The DCD input provides character 
synchronization timing for the receiver during the external 
sync mode of operation. The receiver will be initialized and 
data will be sampled on the positive transition of the first ful 
Receive Clock cycle after release of DCD (see Figure 7). 


Sync Match/Data Terminal Ready (SM/DTR) — The 
SM/DTR output provides four functions (see Table 1) 
depending on the state of the PC1 ага PC2 control bits. 
When the Sync Match mode is selected (РС= "1", 
РС2 = "0", the output provides a one-bit-wide pulse when a 
sync code is detected. This pulse occurs for each sync code 
match even if the receiver has already attained synchroniza- 
tion The SM output is inhibited when PC2= "1". Тһе OTR 
mode {РС1 = 0") provides an output level corresponding to 
the complement of PC2 (ОТА = "0" when РС2= 1"). !See 
Table 1.) 
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TABLE 1 — SSDA PROGRAMMING MODEL 


a high- E 1 { 
; t ; 
data 15 ЈЕ ЕЯ Register Content 
Insinw|aco]acs| ва? | Bre | sis | Ваза | виз | ға; | в | во | Р 
ле Interrupt | Receiver | Receiver | Transmitter | Clear-to- Data Carrier Transmitter Receiver г 
рч Request i Overrun | Underflow Data Data 
ава) Register Available 
Available (RDA) 
limited Transmitter Sirip Sync Transmitter 
Inierrupi]. Inierrupt Characters Reset 
Бы; Enable Enable (Strip Sync) (Tx Rs) 
Receive 
Data FIFO 
a real- Contro! 2 T Byte/2-Byte Peripheral Peripheral 
FIFO is (с2) Interrupt 1 гапзіег Conu ot 2 Controt 1 
'x Shift Enable (1. Byie/2 Byte) (РС2) (РСТ) 
Unde: ом 
ociated (Tx Sync) _ 
o-sync- Control 3 Clear CTS One-Sync- External/ 
by the єз) Status Character/ internat 
Underflow] (Clear CTS) Two-Sync Sync Mode Я 
SSDA Siatus Character Control | 
by the (СТОР) Mode Control | (ЕЛ Sync! 
ed Ва (1 Sync/ 4 
TS bit 
he CTS 57 
it goes Transmit 07 
Data FIFO 
smitter | X * Don't саге 
1 ui | STATUS REGISTER CONTROL REGISTER 2 
ee № | IRQ Bit 7 The IRQ flag is cleared when the source of the ЈАО is EIE Bit 7 When "1", enables the PE, Rx Ovrn, 
base о cleared. The source is determined by the enables in the TUF, CTS, and DCD interrupt flags 
Control Registers: TIE, RIE, EIE. (S Виз 6 theough 2). 
Bits 6-0 indicate the SSDA status at a paint in time, and can be Tx Sync Bit 6 When 717, allows sync code contents 
bvides а reset as follows: 10 be transferced on underflow, and 
D is not PE Bit6 Read Rx Data FIFO, ora "1" into Rx Rs (C1 Ви 0). Hd MAU uci 
ibts 1 Rx Oven Bit 5 Read Status and then Rx Data FIFO, or a "1" into put. When 0", an all mark character 
R Rx Rs (C1 Bit 0). is transmitted on underflow. 
TUF — Bit4 A"1"imoCTUF (C3 ВИ 3) ог into Tx Rs (C1 Bit 1), | 53.2.1 Bs 5-3 Word Length Select 
CTS Виз A "1" into Clear CTS (СЗ Bit 2) ога "1" into Tx Rs 
SSDA i 
(C1 Bit1) Word Length 
by the DCO Ви 2 Read Status and then Rx Data FIFO or a “1” into 
ted ВА Rx Rs (C1 Bit 0) 0 0 о |68ие: Even Parity 
тег and TDRA Bit! Write into Tx Data FIFO. о | O | 1 [6 Bis + Odd Parity 
Receiver RDA ВиО Read Rx Data FIFO. d | Т 2 e 
15 
e DCD CONTROL, REGISTER 1 1 0 о у gu 4 Even Parit 
aracter || AC2, АС1 Bits 7,6 Used to access other registers, as shown above. 1 0 1 7 Bits 4 Odd Pay. 
external | RIE Bit 5. When 17, enables interrupt оп RDA (S Ви 0) 1 1 о [8 Bits + Even Parity 
Ред and | TIE Bit 4. When 1%, enables interrupt on ТОВА (S Ви 1) 1 1 1 |8 Bus Ода Parity 
first full | Clear Sync Виз When 71”, clears receiver character synchronization. XT 
e7) Strip Sync Bit 2 When 1”, strips all sync codes from the received 1-Byte/2-Byte Ви 2 When "1", enables the ТОВА and 
„й data stream. RDA bns to indicate when а 1-byte 
Tx Rs ВИТ When 17, resets and inhibits the transmitter section. transfer can occur; when "07, the 
- The Rx Rs ВИО When "1", resets and inhibits the receiver section. ae and SN hits indicate when 
able 1) a 2-byte transfer can occur. 
rail bits CONTROL REGISTER 3 PC2,PC1 Bits 1-0  SM/DTR Output Control 
m | CTUF Ви 3 When "1", clears TUF (5 Bit 4), and IRQ if enabled. Emm FTT 
aU", | Clear CTS Bit 2 When "1", clears CTS (S Bit 3), and IRQ if enabled. SM/DTR Output at Pin 5 
when a | 1Sync/2Sync Ви 1 When "1", selects the onesync-character mode; when 
roniza- ЕЛ Sync ВИО When "1", selects the external sync mode; when "0", Pulse zi Bit Wide, on SM 
selects the internal sync mode. 
ХЭА Г ыы. 
"). (See Т. 
NOTE: When the SSDA is used in applications requiring the MSB of data to к? 


be received and transmitted first, the data bus inputs 10 the SSDA may be 
reversed (DO то D7, etc.). Caution must be used when this is done since the 
bit positions in this table will be reversed, and the parity should not be selected. АМ 
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Transmitter Underflow (TUF) — The Underflow output in- 
dicates the occurrence of a transfer of a "НИ character" to 
the Transmitter Shift Register when the last location (£3) in 
the Transmit Data FIFO is emtpy. The Underflow output 
pulse is approximately one Tx CLK high period wide and oc- 
curs during the last half of the last bit of the character 
preceding the "Underfiow'' (see Figure 4). The Underflow 
output pulse does not occur when the Tx Sync bit is in the 
reset state. 


SSDA REGISTERS 


Seven registers in the SSDA can be accessed by means of 
the data bus. The registers are defined as read-only ог write- 
only according to the direction of information flow. The 
Register Select input (RS! selects two registers in each state, 
one being read-only and the other write-only. The 
Read/Write input (R/W) defines which of the two selected 
registers will actually be accessed. Four registers (two read- 
only and two write-only) can be accessed via the bus at any 
Particular time. These registers and the required addressing 
are defined in Table 1. 


CONTROL REGISTER 1 (C1) 

Control Register 1 is an 8-bit write-only register that can be 
directly addressed from the data bus. Control Register 1 is 
accessed when RS = "0" and R/W="0". 


Receiver Reset (Rx Rs), C1 Bit 0 — The Receiver Reset 
control bit provides both a reset and inhibit function to the 
receiver section. When Rx Rs is set, it clears the receiver 
control logic, sync logic, error logic, Rx Data FIFO Control, 
Parity Error status bit, and DCD interrupt. The Receiver Shift 
Register is set to ones. The Rx Rs bit must be cleared after 
the occurrence of a low level on RESET in order to enable 
the receiver section of the SSDA. 


Transmitter Reset (Tx Rs), СТ Bit 1 — The Transmitter 
Reset control bit provides both reset and inhibit to the 
transmitter section. When Tx. Rs is set, it clears the transmit- 
ter control section, Transmitter Shift Register, Tx Data FIFO 
Control (the Tx Data FIFO can be reloaded after one E clock 
pulse), the Transmitter Underflow status bit, and the CTS in- 
terrupt, and inhibits the TDRA status bit (in the one-sync- 
Character and two-sync-character modes). The Tx Rs bit 
must be cleared after the occurrence of a low level on RESET 
in order to enable the transmitter section of the SSDA. If the 
Tx FIFO is not preloaded, it must be loaded immediately after 
the Tx Rs release to prevent a transmitter underflow condi- 
tion.. 


Strip Synchronization Characters (Strip Sync), C1 Bit 2 — 
If the Strip Sync bit is set, the SSDA will automatically strip 
all received characters which match the contents of the Sync 
Code Register. The characters used for synchronization (one 
or two characters of sync) are always stripped from the 
received data stream. 


Clear Synchronization (Clear Sync), C1 Bit 3 — The Clear 
Sync control bit provides the capability of dropping receiver 
character synchronization and inhibiting resynchronization. 
The Clear Sync bit is set to clear and inhibit receiver syn- 
chronization in a// modes and is reset to zero to enable resyn- 
chronization. = 


Transmitter Interrupt Enable (TIE), C1 Bit 4 — TIE enables 
both the Interrupt Request output ПАО) and Interrupt Re- 
quest status bit to indicate a transmitter service request. 
When TIE is set and the TDRA status bit is high, the IRQ out- 
put will go low (the active state) and the IRQ status bit will 
go high. 


Receiver Interrupt Enable (RIE), C1 Bit 5 — RIE enables 
both the Interrupt Request output ПВО) and the Interrupt 
Request status bit to indicate a receiver service request. 
When RIE is set and the RDA status bit is high, the TRO out- 
put will go low (the active state) and the TRG status bit will 
go high. 


Address Control 1 (AC1) and Address Control 2 (AC2), C1 
Bits 6 and 7 — АС! and AC2 select one of the write-only 
registers -- Control 2, Control 3, Sync Code, or Tx Data 
FIFO — as shown in Table 1, when RS="1" and 
АМ = "0". 


CONTROL REGISTER 2 (C2) 

Control Register 2 is an B-bit write-only register which can 
be programmed from the data bus when the Address Control 
bits in Contro! Register 1 (AC1 and АС?) are reset, RS = 1" 
and R/W="0". 


Peripheral Control (PC1) and Peripheral Control 2 (РС2), 
C2 Bits 0 and 1 — Two control bits, PC1 and PC2, determine 
the operating characteristics of the Sync Match/DTR out- 
put. PC1, when high, selects the Sync Match mode. PC2 
provides the inhibit/enable control for the SM/DTR output 
in the Sync Match mode. A one-bit-wide pulse is generated 
at the output when PC2 is "0", and a match occurs between 
the contents of the Sync Code Register and the incoming 
data even if sync is inhibited (Clear Sync Би= 1"). The 
Sync Match pulse is referenced to the negative edge of Rx - 
CLK pulse causing the match (see Figure 3). 

The Data Terminal Ready (DTR) mode is selected when 
PC1 is low. When РС2= "1" the SM/DTR output "0" and 
vice versa. The operation of PC2 and РСТ is summarized in 
Table 1. 


1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2, Bit 2 — 
When 1-Byte/2-Byte is set, the TDRA and RDA status bits 
will indicate the availabitliy of their respective data FIFO 
registers for a single-byte data transfer. Alternately, if 
1-Byte/2-Byte is reset, the ТОНА and RDA status bits in- 
dicate when two bytes of data can be moved without a se- 
cond status read. An intervening Enable pulse must occur 
between дата transfers. 


Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 
— Word Length Select bits WS1, WS2, and WS3 select 
word lengths of 7, 8, or 9 bits including parity as shown in 
Table 1. 


Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 — 
When Tx Sync is set, the transmitter will automatically send 
8 sync character when data is not available for transmission. 
If Tx Sync is reset, the transmitter will transmit a Mark 
character (including the parity bit position) on underflow. 
When the underflow is detected, а pulse approximately one 
Tx CLK high period wide will occur on the underflow output 
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if the Tx Sync bit is set. Internal parity generation is inhibited 
during underflow except for sync code fill character 
transmission in &-bit plus parity word lengths. 


Error Interrupt Enable (EIE), C2 Bit 7 — When EIE is set, 
the IRQ status bit will go high and the TRO output will go low 
if: 

1. A receiver overrun occurs. The interrupt is cleared by 
reading the Status Register and reading the Rx Data 
FIFO. 

2. DCD input has gone to a "1". The interrupt is cleared 
by reading the Status Register and reading the Rx 
Data FIFO. 

3. A parity error exists for the character in the last loca- 
tion (£3) of the нх Data FIFO. The interrupt is cleared 
by reading the Rx Data FIFO. 

4. The CTS input has gone to a "1". The interrupt is 
cleared by writing a ‘’1” in the Clear CTS bit, СЗ bit 2, 
or by a Tx Reset. 

5. The transmitter has underflowed (in the Tx Sync on 
Underflow mode). The interrupt is cleared by writing a 
*'1" into the Clear Underflow, СЗ bit 3, or Tx Reset. 

When EIE is a "0", the IRQ status bit and the ВО output 
are disabled for the above error conditions. A low level on 
the RESET input resets EIE to "0". 


CONTROL REGISTER 3 (C3) 

Contro! Register 3 is a 4-bit write-only register which can 
be programmed from the data bus whe А5="1" and 
R/W="0" and Address Control bit АС1=“1” and 
Ас2= "0". E 


External/ internal Sync Mode Conrol (Е/! Sync), СЗ, Bit О 
— When the E/I Sync Mode bit is high, the SSDA is in the 
external sync mode and the receiver synchronization logic is 
disabled. Synchronization can be achieved by means of the 
DCD input or by starting Rx CLK at the midpoint of data bit O 
of a cahracter with DCD low. Both the transmitter and 
receiver sections operate as parallel — serial converters in 
the Externa! Sync mode. The Clear Sync bit in Control 
Register 1 acts as a receiver sync inhibit when high to pro- 
vide a bus controllable inhibit. The Sync Code Register can 
serve as а transmitter fill character register and a receiver 
match register in this mode. А “low” on the RESET input 
resets the Е/І Sync Mode bit placing the SSDA in the inter- 
nal sync mode. 


One-Sync-Character/Two-Sync-Character Mode Control 
(1-Sync/2-Sync), СЗ Bit 1 — When the 1-Sync/2-Sync bit is 
set, the SSDA will synchronize on a single match between 
the received data and the contents of the Sync Code 
Register. When the 1-Sync/2-Sync bit is reset, two suc- 
cessive sync characters must be received prior to receiver 
synhnchronization. If the second sync character is not 
detected, the bit-by-bit search resumes from the first bit in 
the second character. See the description of the Sync Code 
Register for more details. 


Clear CTS Status (Clear CTS), СЗ Bit 2 — When a “1” is 
written into the Clear CTS bit, the stored status and interrupt 
are cleared. Subsequently, the CTS status bit reflects the 


state of the CTS input. The Clear CTS control bit does not 
affect the CTS input nor its inhibit of the transmitter section. 
The Clear CTS command bit is self-clearing, and writing & 
“0” into this bit ie a nonfunctional operation. 


Clear Transmit Underflow Status (CTUF), СЗ Bit 3 — 
When a “1” is written into the CTUF status bit, the CTUF bit 
and its associated interrupt are reset. The CTUF command 
bit is self-clearing and writing a "0" into this bit is a nonfunc- 
tional operation. 


SYNC CODE REGISTER 

The Sync Code Register is an 8-bit register for storing the 
programmable sync code required for received data character 
synchronization in the one-sync-character and two-Sync- 
character modes. The Sync Code Register also provides for 
stripping the sync/fill characters from the received data (a 
programmable option) as well as automatic insertion of fill 
characters in the transmitted data stream. The Sync Code 
Register ts not utilized for receiver character synchronization 
in the external sync mode; however, it provides storage of 
receiver match and transmit fill characters. 

The Sync Code Register can be loaded when AC2 and 
АСТ are а "1" and "0", respectively, and R/W="0" and 
RS="1". 

The Sync Code Register may be changed after the detec- 
tion of a match with the received data (the first sync code 
having been detected) to synchronize with a double-word 
sync pattern. (This sync code change must occur prior to the 
completion of the second character.) The sync match (SM) 
output can be used to interrupt the MPU system to indicate 
that the first eight bits have matched. The service routine 
would then change the sync match register to the second 
half of the pattern. Alternately, the one-sync-character mode 
can be used for sync codes tor 16 or more bits by using soft- 
ware to check the second and subsequent bytes after 
reading them from the FIFO. 

The detection of the sync code can be programmed to ap- 
pear on the Sync Match/DTR output by writing a “1” in PC1 
(C2 bit 0) and а "0" in PC2 (C2 bit 1). The Sync Match out- 
put will go high for one bit time beginning at the character in- 
terface between the sync code and the next character (see 
Figure 3). 


PARITY FOR SYNC CHARACTER 


Transmitter 
Transmitter does not generate parity for the sync 
character except 9-bit mode. 
‚ Obit (8-bit + parity)...8-bit sync character + parity 
8-bit (7-bit+ parity)...8-bit sync character (no parity) 
7-bit (6-bit + parity)...7-bit sync character (no parity) 


Receiver 

At Synchronization 

Receiver automatically strips the sync character(s) (two 
sync characters if ‘2 sync’ mode is selected) which is used to 
establish synchronization. Parity is not checked for these 
sync characters. 
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After Synchronization Is Established 

When 'strip sync' bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for the 
stripped sync (fill) characters. When “strip sync" bit is not 
selected (low), the sync character is assumed to be normal 
data and it is transferred into FIFO after parity checking. 
{When non-parity format is selected. рату is not checked } 


WSO0-WS2 
Strip Sync | (Data Format) 
(C1, Bit 2) | (C2, Br 
No transfer of sync code 
No parity Check of sync code 
ENETTM *Transfer data and sync codes 


C2 
Parity check 
*Subsequent to synchronization. 


its 3-5) 


ШД Old Sync codes 


it is necessary to consider parity in the selected Sync 
character in the following cases. Data Format is (6 + parity), 
(7 + parity), strip sync is not selected (low), and when Sync 
code is used as a fill character after synchronization. 

The transmitter sends a sync character without parity, but 
the receiver checks the parity as if it is normal data. 
Therefore, the sync character should be chosen to match the 
parity check selected for the receiver in this special case. See 
the following section for unused bit assignment in short- 
word length. 


RECEIVE DATA FIRST-IN FIRST-OUT REGISTER (Rx Data 
FIFO) 


The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received data. 
Each 8-би register has an internal status bit which monitors 
its full or empty condition. Data is always transferred from a 
full register to an adjacent empty register. The transfer from 
register to register occurs on E pulses. The RDA status bit 
will be high when data is available in the last location of the 
Rx Data FIFO. 

In an Overrun condition, the overrunning character will be 
transferred into the full first stage of the FIFO register and 
will cause the loss of that data character. Successive over- 
runs continue to overwrite the first register of the FIFO. This 
destruction of data is indicated by means of the Overrun 
Status bit. The Overrun bit will be set when the overrun ac- 
curs and remains set until the Status Registe” is read, follow- 
ed by a read of the Rx Data FIFO. 

Unused data bits for short word lengths {including the 
parity bit) will appear as “0/5” on the data bus when the Rx 
Data FIFO is read. 


TRANSMIT DATA FIRST-IN FIRST-OUT REGISTER (Tx 
Data FIFO) 

The Transmit Data FIFO Register consists of thee 8-bit 
registers which are used for buffer storage of data to be 
transmitted. Each 8-bit register has an internal status bit 
which monitors its full or empty condition. Data is always 
transferred from a full register to an adjacent empty register. 
The transfer is clocked by E pulses. 

The TDRA status bit will be high if the Tx Data FIFO is 
available for data. 


Unused data bits for short word lengths will be handied as 
“don’t cares." The parity bit is not transferred over the data 
bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Undertlow character will 
be either the contents of the Sync Code Register or an all 
“t's” character. The underflow will be stored in the Status 
Register until cleared and will appear on the Underflow out- 
put as a pulse approximatley one Tx CLK high period wide. 


STATUS REGISTER (S) 


The Status Register is an B-bit read-only register which 
Provides the real-time status of the SSDA and the associated 
serial data channel. Reading the Status Register is a non- 
destructive process. The method of clearing status bits 
depends upon the function each bit represents and is 
discussed for each bit in the register. 


Receiver Data Available (RDA), S Bit 0 — The Receiver 
Data Available status bit indicates when receiver data can be 
read from the Rx Data FIFO. The receiver data being present 
in the last register (#3) of the FIFO causes RDA to be high for 
the 1-byte transfer mode. The RDA bit being high indicates 
that the last two registers (#2 and #3) are full when in the 
2-byte transfer mode. The second character can be read 
without a second status read (to determine that the 
character is available). An E pulse must occur between reads 
of the Rx Data FIFO to allow the FIFO to shift. Status must 
be read on a word-by-word basis if receiver data error check- 
ing is important. The RDA status bit is reset automatically 
when data is not available. 


Transmitter Data Register Available (TDRA), $ Ви 1 — 
The TDRA status bit indicates that data can be loaded into 
the Tx Data FIFO Register. The first register (#1) of the Tx 
Data IFFO being empty will be indicated by a high level in the 
TDRA status bit in the 1-byte transfer mode. The first two 
registers (#1 and #2) must be empty for TDRA to be high 
when in the 2-byte transfer mode. The Tx Data FIFO can be 
loaded with two bytes without an intervening status read; 
however, one Е pulse must occur between loads. TDRA is 
inhibited by the Tx Reset or RESET. When Tx Reset is set, 
the Tx Data FIFO is cleared and then released on the next E 
clock pulse. The Tx Data FIFO can then be loaded with up to 
three characters of data, even though TDRA is inhibited 
This feature allows preloading data prior to the release of Tx 
Reset. A high level on the CTS input inhibits the TDRA 
Status bit in either sync mode of operation lone-sync- 
Character or two-sync-character). CTS does not affect 
TDRA in the external sync mode. This enables the SSDA to 
operate under the control of the CTS input with TDRA in- 
dicating the status of the Tx Data FIFO. The CTS input does 
not clear the Tx Data FIFO in any operating mode 


Data Carrier Detect (DCD), S Bit 2 — A positive transition 
on the DCD input is stored in the SSDA until cleared by 
reacing both Status and Rx Data FIFO. A “1” written into Rx 
Rs also clears the stored DCD status. The DCD status bit, 
when set, indicates that the DCD input has gone high. The 
reading of Status followed by reading of the Receive Data 
FIFO allows Bit 2 of subsequent Status reads to indicate the 
state of the DCD input until the next positive transition 
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Clear-to-Send (CTS), S Bit 3 — A positive transition on 
the CTS input is stored in the SSDA until cleared by writing 
а "1" into the Clear CTS control bit or the Tx Rs bit. The 
CTS status bit, when set, indicates that the CTS input has 
gone high. The Clear CTS command (а “t” into СЗ Bit 2 
allows Bit 3 of subsequent Status reads to indicate the state 
of the CTS input until the next positive transition. 


Transmitter Underflow (TUF), S Bit 4 — When date is not 
available for the transmitter, an underfiow occurs and is so 
indicated in the Status Register (in the Tx Sync on underflow 
mode). The underflow status bit is cleared by writing a "1" 
into the Clear Underflow (CTUF) control bit or the Tx Rs bit. 
TUF indicates that a sync character will be transmitted as the 
next character. А TUF is indicated on the output on/y when 
the contents of the Sync Code Register is to be transferred 
(transmit sync code on underflow = ''1"). 


Receiver Overrun (Rx Ovrn), S Bit 5 — Overrun indicates 
data has been received when the Rx Data FIFO is full, 


resulting in data loss. The Rx Ovrn status bit is set when 
overrun occurs. The Rx Ovrn status bit is cleared by reading 
Status followed by reading the Rx Data FIFO or by setting 
the Rx Rs control bit. 


Receiver Parity Error (PE), S Bit 6 — The parity error 
status bit indicates that parity for the character in the last 
register of the Rx Data FIFO did not agree with selected рап- 
ty. The parity error is cleared when the character to which it 
pertains is read from the Rx Data FIFO or when Rx Rs oc- 
curs. The DCD input does not clear the Parity Error or Rx 
Data FIFO status bits. 


interrupt Request ПВО), S Bit 7 — The Interrupt Request 
Status bit indicates when the IRQ output is in the active state 
(IRG output "0"). The TRO status bit is subject to the same 
interrupt enables (RIE, TIE, and EIE) as the ТАО output. The 
TRO status ait simplifies status inquiries for polling systems 
by providing single bit indication of service requests. 
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У ramic DIP 


rature Range: 


ilitary (—55°С to +1250) 
bmmercia! (0°C to +70°C) - 


Type 


Circuit 


RSIL, INC. Circuit 


QUIESCENT 
CURRENT SETA 


«DC SUPPLY А 


NON-INVERTING 
INPUT B 


INVERTING 
INPUT 


QUIESCENT 
CURRENT ЗЕТ В 


INTERSIL 


FEATURES 

e 120 MHz Bandwidth =, 
e 250 КО Input Resistance . 
e Selectable Gains of 10, 100, and 400 

e No Frequency Compensation Required 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +8 V 
Differential Input Voltage *5V 
Common Mode Input Voltage +6 У 
Qutput Current 10 mA 
Internal Power Dissipation 

Metal Can 500 mW 

Flatpak 570 mW 

DIP ' 670 mW 
Operating Temperature Range (Note 1) 

Military (733) -55°C to +125°С 

Commercial (733C) 0°C to +70°C 
Storage Temperature Range -65°C to #150°C 


Lead Temperature (Soldering, 60 second time limit) 300°C 


CONNECTION DIAGRAMS 


10-LEAD METAL CAN 
(TOP VIEW) 


Gia 
GAIN SELECT 


GAIN SELECT 


Note: Pin 5 connected 10 case. 


14-LEAD DIP 
(TOP VIEW) 


џА733/6, 


ifferential Video Amplifier | 
Linear Integrated Circuits 4 


. GENERAL DESCRIPTION ты ен 
The 733 is a monolithic two-stage Differential input, " | 
Differential Output Video Amplifier. Internal series-shunt Ww 1 
feedback is used to obtain wide bandwidth, low phase E | 
distortion, and excellent gain stability. Emitter follower У | 
outputs enable the device to drive capacitive loads and all % ч 
stages are current-source biased to obtain high power 1 


supply and common mode rejection ratios. М offers.fixed 
gains of 10, 100 or 400 without external components, and 2 
adjustable gains from 10 to 400 by the use of a single In. 1: 
external resistor. Мо external frequency compensation 
components are required for any gain option. The device is 
particularly useful in magnetic tape or disc file systems 


using phase or NRZ encoding and in high speed thin film or t4 oH 

plated wire memories. | j 

CHIP Дај | à 
GAm SELECT “п 2 wn 1 E. баа ЕСТ 4 | 


эы, O 
а 


л -% 
„аЬ "ЧИНИ | 


CHIP DIMENSION 43 » 45 MILS | 


GAIN SEL fer 


EQUIVALENT CIRCUIT 


PACKAGE 
TYPE ` е Bil 


10 Lead Can НА7ЗЗНМ TB ы: 
10 Lead Metal Сап | #A733HC TB | А 
14 Lead DIP #A733DM DD | 

14 Lead DIP uA733DC DD 
10 Lead Can LM733 TB 

14 Lead DIP LM733CTB 
10 Lead Can ‚| LM733 DD 
14 Lead DIP LM733 CDD 
14 Lead DIP LM733 CPD 


PART TEMPERATURE 
NUMBER RANGE 
ЏАЈЗЗНМ | -55°C to +125°С 
HA733HC ФС то +70°C 
uAT33DM | -55°C 10 +125°С 
pAT33DC OC: +70°C | 
LM733H -55°C to +125°С 
LM733CH OCto +70°С 
1M733D -55°C to +125°С 
LM733CD ОС зо +70°С 
LM733CN 0%С то +70°C 
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uA733/C, LM733/C 
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733M ELECTRICAL CHARACTERISTICS (ТА = 25°C, Vg = 16.0 V unless otherwise specified) 
в-а. at à = m » = ee 


* Differentia! Voltage Gains. 7 ydo; Berets 
р Gain 1 (Note 2) Ы 
"= __ Gain 2 (Note 3) 
‘Gain 3 (Note 4) 
Bandwidth 
Gand CoU 
Gain2 ^^ 
1 “Gain 3 Tn . 
Risetime ^ - E ELM dede 
Уба fi oz E „У 
Gain 2 „аг к» ума БЕ и? 2 - 
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Propagation Delay . (5e 
Gain 1 
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“Rg = 509, Vout = 1 Vp-p 
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Input Resistance " 
Gain 1 
бап 2 
бап 3 
Input Capacitance 
Input Offset Current 
Input Bias Current 


` Rg = 500, BW = 1 kHz to 10 MHz 


Vem = +1 М, f&100 kHz 
Vom = +1 У,1= 5MH2 , 


| Аус“ +0.5 V 


Input Noise Voltage 
input Voltage Range 
Common Mode Rejection Ratio 
Gain 2 Е 
Gain 2 --- · 
Supply Voltage Rejection Ratio 
Gain 2 
Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 
Output Common Mode Voltage 


Output Voltage Swing 
Output Sink Current 
Output Resistance 


Power Supply Current 
The following specifications apply for —55^C &TA& +125°С 
Differential Voltage Gain 


Gain 1 (Note 2) 

Gain 2 (Note 3) - 

Gain 3 (Note 4) 
Input Resistance 


, 


Gain 2 
Input Offset Current 
Input Bias Current 
Input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Output Offset Voltage 

Gan! 7 ‘ 

Gain 2 and Gain З 
Output Swing 
Output Sink Current 
Positive Supply Current là 
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aaa 
Differential у 
Gain 1 (Nc 
Gain 2 (Ne 
Gain 3 (Nc 
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Gain 3 
веште 
Gain 1 
Gain 2 
Gain 3 
Propagation De 
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tnput Capacitar 
input Offset Cu 
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Gain 2 (Note | 
Gain З (Note « 

Input Resistance- 

Input Offset Curr 

Input Bias Curren 


Output Sink Curre 


Zonar Supply Cur 
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Differential Voltage Gaih, 
Gain 1 (Мое 2) ' 
Gain 2 (Note 3} 

Gain 3 (Note 4) 

Bandwidth | 
бап? . - r^ 
Gain2 - 

Gain 3 

Risetime 
Gain 1 
Gain 2 
Gain 3 

Propagation Delay 
Gain 1 
Gain 2 
Сэт 3 

Input Resistance 
Gain 1 
Gain 2 
Gain 3 

Input Capacitance 

Input Offset Current 

Input Bias Current 

Input Noise Voltage 

input Voltage Range 

Common Mode Rejection Ratio 
Gain 2 
Сат 2 

Supply Voltage Rejection Ratio 
Gain 2 Е 

Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 

Output Common Mode Voltage 

1 Output Voltage Swing 

Output Sink Current 

Output Resistance 

Power Supply Current 
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i Differential Voltage Gain 
Gain 1 (Note 2) 
793 Gain 2 (Note 3), 

Gain 3 (Note 4) 
Input Resistance Gain 2 
Input Offset Current 


НА Input Bias Current 

uA Input Voltage Range 

у Common Mode Rejection Ratio 

dB 1 Gain 2 

dB Supply Voltage Rejection Ratio 
"Gain 2 


y Output Offset Voltage (АН Gain) 
Output Voltage Swing 

Output Sink Current 

Power Supply Current 
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The following specifications apply for 0°C © TA < +70°С 


733C ELECTRICAL CHARACTERISTICS (TA = 25°С, Ус = 6.0 V unless otherwise specified) 7-2 0-22 
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Rs = 500, BW = 1 kHz to 10 MHz 
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4/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


ы. 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 


positive logic: 
Y-AB 


See page 6-2 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


See page 6-4 


QUADRUPLE 2-INPUT 
POSITIVE-NOR GATES 


positive logic: 
Y = АВ 


See page 6-8 


PIN ASSIGNMENTS (TOP VIEWS) 


SN54LO0 (J) 
8М541500 (J, W) 
SN54S00 (J, W) 


SN5401 (J) 
5М541501 (J, W) 


$N7400 (J, М) 
SN74H00 (J, м) 
$N74LO0 (J, М) 
SN74LS00 (J, М) 
SN74S00 (J, м) 


SN7401 (J, N) 
SN74LSO1 (J, М) 


SN54H01 (J) 


SN74H01 (J, N) 


SN5402 (J) 
SN54L02 (J) 
SN54LS02 (J, W) 
SN54S02 (J, W) 


SN7402 (J, N) SN5402 (W) 
SN74L02 (J, м) SN54L02 (T) 
SN74LS02 (J, М) 

5М74502 (J, М) 


Trvas« Ім етот = 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


positive logic: 
Y-AB 


See page 6-4 


HEX INVERTERS 


Positive logic: 


See page 6-2 


HEX INVERTERS 
WITH OPEN-COLLECTOR OUTPUTS 


Positive logic: 
У-А 


See page 6-4 


HEX INVERTER BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


positive logic: 
У-А 


See page 6-24 


жғж...... 1-. 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUIT 


PIN ASSIGNMENTS (TOP VIEWS) 


SN5404 (J) 


SN5403 (J) SN7403 (J, № 
SN54L03 (J) $N74L03 (J, м) 
SN54LS03 (J, W) SN74LSO3 (J, №) 
5№54503 (J, W) 5М74503 (J, № 


1 
SN7404 (J, N) SN5404 (W) 3 
SN74H04 (J, N) SN54H04 (W) à 
SN74L04 (J, М) SN54L04 (T) * 
5М741504 (J, М) 
$№74$04 (J, N) 


547406 (J, м) 


SN5405 (W) 
SN74HO5 (J, М) $N54HO05 (W) 
$N74LSOS5 (J, М) 
SN74S06 (J, М) 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


HEX BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


07 


$N5407 (2, W) SN7407 (J, N) 


QUADRUPLE 2-INPUT 
POSITIVE-AND GATES 


positive logic: 
У = АВ 


$№5408 (J, W) 547408 (J, N) 
$№641.$08 (J, W)  SN74LS08 (J, М) 
5М54508 (J, W) — SN74S08 (J, М} 


QUADRUPLE 2-INPUT 

POSITIVE-AND GATES 

WITH OPEN-COLLECTOR OUTPUTS 
% 


positive logic: 
Ү= АВ 


SN7409 (J, N) 
SN54LSO9 (J, W) 5М741509 (J, М 
SN54S09 (J, W) SN74S08 (1, М) 


SN5409 (J, үу) 


See page 6-12 


TRIPLE 3-INPUT 
POSITIVE-NAND GATES 


5М5410 (4) SN7410 (J, М) 
SN64H10 (Л SN74H10 (J, Ni 
SN54L10 (J) SN74L10 (J, NI 
SN64LS10 (J, М)  SN74LS10 (J, М) 


SN54S10 (J, W) — SN74S10 (J, N} 


SNS4L10 (T) 


т... -— — 


TRIPLE 3-INPUT 
POSITIVE-AND GATES 


See page 6-10 


TRIPLE 3-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


12 


positive logic: 
Y = ABC 


See page 6-4 


DUAL 4-INPUT 
POSITIVE-NAND 
SCHMITT TRIGGERS 


13 


positive logic: 
У = ABCD 


See page 6-14 


HEX SCHMITT-TRIGGER 
ERS 


positive logic: 
ҮА 


See page 6-14 


54/14 FAMILIES OF COMPATIBLE TTL CIRC 


PIN ASSIGNMENTS (TOP VIEWS) 


SN54H11 (J) SN74H1 (J, М) - 
SN54LS11 (4, W! 5М74.511 (J, N) 
SN54S11 (J, W) 5М74511 (J, N) 


SN54H11 IW) 


SN5412 (J, W) 
SN64LS12 (J, М! 5М741512 


SN2412 (J, 


А з ж к фо ту ом 


SN5413 (J, W) 5М7413 (J, 
‘ 5М544513 (J, W) 5М741513. 


NC—No Internal connection 


SN5414 (J, W) 


SN7414 |J, | 
SN54LS14 (J, W) 5М741514 ( 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


TRIPLE 3-INPUT 
POSITIVE-AND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


positive logic: 
У = АВС 


See page 6-12 


HEX INVERTER BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


16 


HEX BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


DUAL 4-INPUT 
POSITIVE-NAND GATES 


positive logic: 
Y * ABCD 


PIN ASSIGNMENTS (TOP VIEWS) 


SN5420 (JI 
SN54H20 (J) 
$№641.20 (J) 
5М541520 (J, W) 
$№54520 (J, W) 


SN54H15 (J, IN) 
SNS4LS15 (J, М 
SN54S15 (J, W) 


SN74H15 (J, N) 
SN74LS16 (J, №) 
5№74515 (J, М) 


SN5416 (J, W) SN7416 (J, N) 


у ТА РОЗА ЗҮ смо 
$N5417 (J, М SN7417 (J, №) 


SN5420 (W) 
SN54H20 (уу) 
SN54L20 (Т) 


SN7420 (J, N) 
SN74H20 (2, №) 
SN74L20 (4, М) 
SN74LS20 (J, М) 


5М74520 (1, М) МС--Мо internal connection 


10 Trva« [меток секте 


DUAL 4-INPUT 
POSITIVE-AND GATES 


21 


positive logic: 
Y = ABCD 


See page 6-10 


DUAL 4-INPUT 
POSITIVE-NAND GATES 
WITH OPEN-COLLECTOR OUTPUTS 


22 


See page 64 


EXPANDABLE DUAL 4-INPUT 
POSITIVE-NOR GATES 
WITH STROBE 


23 


positive logic: 
ту = 16ПА+18+16+10]+Х 
2Y = %28%2С% 
X * output of SN5460/SN7460 


See page 6-39 


DUAL 4-INPUT 
POSITIVE-NOR GATES 
WITH STROBE 


25 


54/74 FAMILIES OF COMPATIBLE TTL CIR( 


PIN ASSIGNMENTS (TOP VIEWS) 


ЛА w Ж ос о Ww GNO 
SN54H21 (J) SN74H21 (J, М) 
SN54LS21 (J, W) SN74LS21 (J, М) 


м с 10 w око 


SN5422 (J, W) 
SN54H22 (J) 
SN54LS22 (J, W) 
5М54522 (J, W) 


SN7422 (J, N) 
SN74H22 (J, N) 
SN74LS22 (J, N) 
5№74522 (J, N) 


w w к 


SN54H21 (уу) 


NC—No internal connection 


А Ww нс Усс MC о А M 


SN54H22 (W) 


NC—No Internal connection 


SN5423 (J, W) 


5М7423 (J, 


ЛА 10 STROBE TE 
м 


SN5425 (J, W) 


5М7425 |J, | 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


ИЕ LiiiiiitLiLááánÀ111. ee S о = Е о eS Б SES ESE a = 
PIN ASSIGNMENTS (TOP VIEWS) 


QUADRUPLE 2-INPUT 
HIGH-VOLTAGE INTERFACE 
POSITIVE-MAND GATES 


positive logic: 
Y - AB 


See pages 6-24 and 6-26 


TRIPLE 3-INPUT 
POSITIVE NOR GATES 


21 


QUADRUPLE 2-INPUT 
POSITIVE-NOR BUFFERS 


28 


positive logic: 
У = A+B 


8-INPUT 
OSITIVE-NAND GATES 


5м6430 (J) 
SN64H30 (J) 
SNG4L30 (J) 
5М541.530 (J, W) 
SN54S30 (J, Wi 


SN7430 (J, №) 
SN74H30 (J, М) 
SN741 30 (4, М) 
SN74LS30 (J, №] 
SN74S30 (J, N) 


SN5426 (J) 
5№541526 (J, W) 


537426 (J, N) 
SN741.826 (J, № 


1 1 4 О О Ц 

9 4A в X y со 
SN5427 (J, W) SN7427 (J, N) 
SN54L627 (J, М SN74L8S27 (J, М) 


SN5428 (J, үй! SN7428 (J, М) 
5№541.528 (J, М SN74LS23 (J, М) 


SN5430 (W) 
SN54H30 (уу; 
SN54L30 (Т) 


NC—No internal connection 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUIT: 


QUADRUPLE 2-INPUT 


uro GATES 


QUADRUPLE 2-INPUT 
POSITIVE-NOR BUFFERS 
WITH OPEN-COLLECTOR OUTPUTS 


PIN ASSIGNMENTS (TOP VIEWS) 


SN5432 (J, W} SN7432 (J, М) 
SNB4LS32 (J, W! SN74LS32 (J, М) 
5№64532 (J, W} — SN74S32 (4, М) 


positive logic: 
Y = A+8 
SN5433 (J, W) 5№7433 (J, N) 
5М544533 (J, М) 5М741.533 (J, NI 
See pages 8-24 and 6-26 
QUADRUPLE 2-INPUT 
POSITIVE-NAND BUFFERS 
positive logic: 
Y= АВ 
i | 
А ‘№ Ww ЈА 18 ау ONG 
$N5437 (J, W) SN7437 (J, NI 
Ses page 6-20 $N54LS37 (J,W) — $N74LS37 (J, М 
' SN54S37 (2, W) $N74$37 (J, М) 
QUADRUPLE 2-INPUT 


POSITIVE-NAND BUFFERS 
WITH OPEN-COLLECTOR OUTPUTS 


38 


Positive logic: 
Y = AB 


See pages 6-24 and 6-26 


SN5438 (J, W) SN7438 (4, М) 
SNB4LS38 (J, W) 8М741538 (J, №) 
5/64538 (J, W) 5М74538 (4, N) 


/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


P 


IN ASSIGNMENTS (TOP VIEWS) PIN ASSIGNMENTS (TOP VIEWS) 


DUAL 4-INPUT 

ROSITIME NAND BLRRERE BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

40 46 active-Low, OPEN-COLLECTOR, 30-V OUTPUTS 

positive logic: 41 ACTIVE LOM, OPEN-COLLECTOR, 154 QUTPUTS 

Y = ABCD 
SN5440 (J) SN7440 (J, N) SN5440 (W) 
SN54H40 (J) SN74H40 (J, №) SN54H40 (W 

See page 6-20 SN54LS40 (JW) 5М741540 (J, М) $№5446А (J,W) — SN7446A (J, №) 
SN54S40 (Ј, уу) SN74S40 (4, N) МС—Мо internal connection SN54L46 (J) 5М741.46 (J, N) 


SN5447A (J,W) 65М7447А (J, М) 
page м) 
7-22 SN64L47 (J) $4741.47 |J, 
> SN54LS47 (J, W) 5М741547 (J, М} 


4 LINE-TO-10-LINE DECODERS 


Ьем. 


43 ехсезвезто-осіма!. 


BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 


48 INTERNAL PULL-UP OUTPUTS 
44 EXCESS --3-GRAY-TO-DECIMAL 


SN5442A (Ј, М) — SN74424 (J, №) 
SN54L42 (J) SN74L42 (J, N) 
5№541 542 (J, W]  SN74LS42 (J, М) 
SN5443A (J, W) 5М7443А (J, №) 
See page 7-18 SN54L43 (J) SN74L43 (J, NI 
SN5444A (J, М)  SN7444A (J, № 
SN541.44 (J) SN74L44 (J, №] 


SN5448 (J, W) 
5М541.548 (J, W^ 


SN7448 (J, № 


See page 7-22 SN74LS48 (J, М) 


INPUTS OUTPUTS 
BCD-TO-DECIMAL DECODER/DRIVER 


fu а Ле] 
ER 
52484) 


SN5445 (J, W) 


BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS WT 4; p 5 


45 LAMP, RELAY, OR MOS DRIVER 
80-mA CURFIENT SINK 
OUTPUTS OFF FOR INVALID CODI:S 


49 оРЕМСОЦЕСТОР outputs 


5М7445 (J, М) 


SN5449 (W) 
SN54LS49 (J, W) 


5М741549 (J, N) 


_— НЦ 


= l ŘE y — e Mg сч = шшщ 


TEXAS INSTRUMENTS 


им ти 1............-ж 


4 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 
D GATED JK MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR 


aris AE 
1 CLEAR CLOCK J 


$N7472 (J, №) 
$N54H72(J)  SN74H72 (J, N) 
SN54L72 (J)  SN74L72 (J, N) 


SN54H72 (W) 
$N54L72 (Т) 


ee rar 
іітсіггі 


wositive logic: J = J1*2*J3; К1.К2.КЗ 


ее pages 6-46, 6-50, and 6-54 NC-No internal connection 


JUAL J-K FLIP-FLOPS WITH CLEAR 


13 


'73, 'H73, ‘L73 'LS73A 
FUNCTION TABLE FUNCTION TABLE 


$N5473 (J, W) 5М7473 (J, № 
$N54H73 (J, W) SN74H73 (J, № 
$N54L73 (J, T) SN74L73 (J, № 
SN54LS73A (3, W) SN74LS73A (J, М 


See pages 6-46, 6-50, 6-54, and 6-56 


DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 


ы 2 10 2ск ата 20 20 
им FUNCTION TABLE пп D 


SN5474 (J) $N7474 (3, № $45474 (W) 
SN54H74 (Л $N74H74 (J, N) SN54H74 (W) 
5М541.74 (J) $N74L74 (J, № SN54L74 (Т) 


SNS4LS74A (J, W) $N74LS74A (4, N) 
$N54S74 (J,W) — SN74S74 (J, м) 


See pages 6-46, 6-50, 6-54, and 6-56 


See explanation of function tables on page 3-8. 


“Тын configuration is nonstable; that №, It will not persist when preset and clear Inputs return to their inactive (high) level. 


зе explanation of function tables on page 3-8. 
* This configuration № nonstable; that is, it will not persist when preset and clear inputs return to their inactive (high) level. 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


48IT BISTABLE LATCHES 
75 


FUNCTION TABLE 


SN5475 (J, W) $N7475 (2, №) 
SN54L75 (J) 6М741765 (J, М) 
5М541576 (J, W) 5М741575 (J, N) 


н = high level, L = low level, X = irrelevant 
Qg the level of Q before the high-to-low transistion of G 


Еее page 7-35 


DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR 


7,7% 576А 
FUNCTION TABLE FUNCTION TABLE 
Е 
rma 


$N5476 (J, W) $N7476 (J, №) 
SN54H76 (J, W) — SN74H76 (J, М) 
SN54LS76A (J, W) SN74LS76A (2, М) 


SESS er Ser 
ЖТЗ => 
Ieee eK KE 
хтетеххх 
хттееххх 


4-BIT BISTABLE LATCHES 


71 


FUNCTION TABLE 


$N5477 (W) 
$N54L77 (T) 
SN54LS77 (W) 


H = high level, L = low level, X = irrelevant 
Qo = the level of Q before the high-to-low transistion of G 


Баш pig 7-35 


TEXAS INSTRUMENTS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 
PIN ASSIGNMENTS (TOP VIEWS) 


PIN ASSIGNMENTS (TOP VIEWS) 
4-BIT MAGNITUDE COMPARATORS 


166-В!Т READ-ONLY MEMORIES 


88 32 8-BIT WORDS 
OPEN-COLLECTOR OUTPUTS 


Ac 


Ll ка Are ADR Ace Arb 
МӘ 40, ттл — 


SN54L85 (J)  SN74LB5 (J, N) 


See Bipolar Microcomputer Components Data Book, LCC4270 


SN5485 (J,W) 5М№7485 (J, №) 
See page 7-57 5М541585 (J, W) 5М741.585 (J, М) 
SNE4S85 (J,W) — SN74S85 (J, №) 


'$N5488A (J,W) 5М748ВА (J, №) 


QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


А ©в=АВ+АВ 64BIT READ/WRITE MEMORIES 


89 16 4-BIT WORDS 


SN5486 (J, W) SN7486 (J, N) 
5М541586 (J, W) 5М741586 (J, N) 
SN54S86 (J, W) SN74S86 |J, N) 


Ses Bipolar Microcomputer Components Data Book, LCC4270 


SN7489 (J, N) 
FUNCTION TABLE 


DECADE COUNTERS 


90 DIVIDE-BY-TWO AND DIVIDE-BY FIVE 
H = high level, L = low level 


See page 7-65 $№54186 (J)  SN74L86 (J, №) 


4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENTS 


SN5490A 
87 FUNCTION TABLE (4,W) — SN7490A (J, М) 


SN54L90 (J, TI SN74L80 (J, М) 
See Page 7-72 SN54LS90 (J, W) SN74LS90 (J, М) 


NC — No internal connection 


SN54H87 (J, М) — SN74H87 (J, N 
NC-No Internal connection 


H = high level, L = low level 
Bee page 7-70 A1, A2, A3, A4 = the level of the respective A input 


Texas INSTRUMENTS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 
DUAL 1 К NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 


FUNCTION TABLE 


FUNCTION TABLE 


TOGGLE 
ад 90 
4 L 
ад а 


t e о Be Se Se 
x FDP Me eM MER 


SN54H106 (J, W) SN74H106 (J, N) 


rrrrrrcrr 
rrrrzrzrerr 
-----ххх 
хігігххх 
хішггххх 


Бов pages 6-46 and 6-56 
DUAL +x FLIP-FLOPS WITH CLEAR 


10 


107 "51074 
FUNCTION TABLE FUNCTION TABLE 


|  . INPUTS ШЕШ: 


FUNCTION TABLE 


C meus — — [OUTPUTS 
[o ā| 


PRESET CLEAR CLOCK J 


SN54107 (J) $N74107 (J, N) 
SN54LS107A (J) SN74LS107A (о, м) 


positive logic: J  J1*J2«J3 
K*KI*K2-K3 


See page 6-46 


DUAL !-К NEGATIVE-EDGE 


-TRIGGERED FLIP. 
FLIP-FLOFS WITH PRESET, COMMON CLEAR, AND COMMON CLOCK DUAL J-K MASTERSLAVE FLIP-FLOPS WITH DATA LOCKOUT 


FUNCTION TABLE 
Г . —INPUTS OUTPUTS 
PRESET CLEAR CLOCK J к [а б | 


УРА CLR 


FUNCTION TABLE 


90 

H 

L 
TOGGLE 


SN54H108 (J, W) SN74H108 (J, М) 


Eo MM MIR 


See page 6-52 


Фе explanation of fusetion tables on а 
This configuration ін nonstable; that is, 


it will not persist when preset and clear inputs return to their inactive (high) level, See explanation of function tables on page 3-8. 


eee 


Tryac [кететтн 


* This configuration № nonvtable; that is, it wil! not persist when preset and с! 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 
DUAL J-K POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 


$N74109 (J, N} 
SN74LS109A (J, М) 


SN54109 (J, W) 
SN54LS109A (J, W) 


AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT 


NC са л 


SN54110 (J, W) SN74110 (J, №) 


МС--Мо internal connection 


м 


SN54111 (J, W) SN74111 (J, N) 


ваг inputs return to their inactive (high) level, 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR 


12 2 FUNCTION TABLE 


NOTES: 1. An external timing capacitor 
may be connected between 
Сех апа Rext/Cext (positive). 


x 
H 
x 
x 
x 
x 
t 
L 
4 

4 

н 
х 
L 


сесссссцисятк: 


ттттт-т +теххх 
ррярорр арене 


POS SM i С Жы 
TIIIII-^ I-^xr-xx 


2. For accurate repeatable pulse 
widths, connect an external 
resistor between Rext/Coxt 
and Усс with Rint 
Oopen-circulted, 


See page 6-76 


DUAL RETRIGGERABLE MONOSTABLE MULTI VIBRATORS WITH CLEAR 


UNCTION TABLE 


See page 6-76 


DUAL VOLTAGE-CONTROLLED OSCILLATORS 


124 


See page 7-123 


See explanation of function tables on page 3-8. 


Äe 


TEXAS INSTRUMENTS 


SN54122 (J, W) 5М74122 (J, М) 
SN54L122 (J, Т)  SN74L122 (J, М) 
5М5415122 (J, W) SN74LS122 (J, М) 
"122... Rint = 10 ка NOM 
"L122... Rint = 20 ка NOM 

'L$122 .. -Rint = 10 k NOM 


МС—Мо internal connection 


А э т 10 20 2 али 
CLR Coat Cont 
SN54123 (Ј, W) SN74123 (J, М) 
SN54L123 (J) SN74L123 (J, №) 
SN54LS123 (J, W) SN74LS123 (J, М) 


1 сы, к ” 
Мос УСС MANGE л. ENABLE OUTPUT GAD 


jal fel те [* 


5М541.5124 (J, W) SN74LS124 (J, М) 
5М545124 (J, W) 5М745124 (J, М) 


МС--Мо Internal connection 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUIT 


PIN ASSIGNMENTS (TOP VIEWS) 


QUADRUPLE BUS BUF FER GATES WITH THREE-STATE OUTPUTS 


125 


positive logic: 
Y*A 
Output is off (disabled) when C is high. 


See page 6-33 


QUADRUPLE BUS BUFFER GATES WITH THREE-STATE OUTPUTS 


126 


positive logic: 
Y*A 
Output is off (disabled) when C is low. 


See page 6-33 


5М54128...75-ОНМ LINE DRIVER 
SN74128 ... 50-OHM LINE DRIVER 


128 


positive logic: 
Y = AFB 


Soo page 6-22 


QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 


132 


positive logic: 
Ү-АВ 


See page 6-14 


ТЕХА& INSTRIIMENTS 


SN54125 (J, W) SN74125 (J, N) 
SN54L$S125A (J, W) SN74LS125A (J, ^ 


SN54126 (J, W) SN74126 (J, М) 
SN54LS126A (J, W) SN74LS128A (J, Р 


SN54128 (J, W) SN74128 (J, М) 


А 18 ЗҮ ЗА £9. 2Y ОМО 


SN54132 (J, W) SN74132 (J, М) 
SN54LS132 (J, W) SN74LS132 (J, М! 
5М545132 (J, М) 5М745132 (J, N) 


: 5 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


P 


IN ASSIGNMENTS (TOP VIEWS) PIN ASSIGNMENTS (TOP VIEW 


3-TO-8 LINE DECODERS/MULTIPLEXERS 


13-INPUT POSITIVE-NAND GATES 


133 


positive logic: 


Y = ABCDEFGHIJKLM 


мас кз 


е 5М545133 (J, W) 


SN74$133 (J, м) 


See page 7-134 SN54LS138 (J, W) SN74LS138 (J, N) 


See page 6-2 5М545138 (J, М) 5М745138 (J, N) 


OUTPUT 


12-INPUT POSITIVE-NAND GATES WITH THREE-STATE OUTPUTS VG CONTROL t 


134 


DUAL 2-TO-4 LINE DECODERS/MULTIPLEXERS 


positive logic: 
Y= 
Output is off (disabled) when Output control is high. 


5М545134 (J, W) 5М745134 (J, NI 


SN54LS139 (J, W) SN74LS139 (J, N) 
5М545 139 (J, W) 5М745139 (J, М) 


DUAL 4-INPUT POSITIVE-NAND 50-OHM LINE DRIVERS 


M0 


QUAD EXCLUSIVE-OR/NOR GATES 


135 


positive logic: 
У = АВСО 


positive logic: Y = (A@ В) (6) С = ABC + ABC + АБС + ABC 


5№545140 (J, W)  SN74S140 (J, М) 


SN54S135 (J, W) _ 5М745135(Ј, №) 


NC—No internal connection 


See page 7-129 


NC—No internal connection 


QUAD EXCLUSIVE-OR GATES 


136 


BCD-TO-DECIMAL DECODER/DRIVER 


141 DRIVES COLD-CATHODE 
INDICATOR TUBES 


ECO TO DECIMAL 
DECOOLA/ORIVIER 


positive logic: У = А ($) В = AB+AB 


^ o 


SN54136 (JW) 5М74136 (J, М) 
7- 
мети SN54LS136 (J, W) SN74LS136 (J, N) 


SN74141 (J, N) 


Техас метоньл стс 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 54/74 FAMILIES OF COMPATIBLE TTL CIRCUIT 


[ VIEW: N TOP VIEWS 


COUNTER/LATCH/DECODER/DRIVER 8-LINE-TO-3-LINE OCTAL PRIORITY ENCODERS 


P 


142 DIVIDE-BY-10 COUNTER 
4-BIT LATCH 
4-BIT TO 7-SEGMENT DECODER 
NIXIE $ TUBE DRIVER 


— 
Рта ourrurs 


SN54148|J, М) — SN74148 (J; М) 
See page 7-151 SN54LS148 (J, W) SN74LS148 (J, М) 


See page 7-140 - 


tNixie is a registered trademark of the Borroughs Corp. 


COUNTERS/LATCHES/DECODERS/DRIVERS 1-OF-16 DATA SELECTORS/MULTIPLEXERS [| [s] fal а fs] 
Ттт тт D 


143 15 mA CONSTANT CURRENT 150 

1- TO 5-V OUTPUT RANGE ө > 
144 UP TO 15-У INDICATORS 

UP TO 25 mA 

OPEN-COLLECTOR OUTPUT SN54143(J, М) — SN74143 (J, №) SRW ee 

SN54144 (J, W).  SN74144 (J, №) _—————— БИН 
Gari oes 

See page 7-143 Sea pene У. SN54150(J,W) 5М741502,М) 


BCD-TO-DECIMAL DECODERS/DRIVERS FOR LAMPS, RELAYS, MOS 1-OF-8 DATA SELECTORS/MULTIPLEXERS 


М5 ьсоторесма 151 
қ 5М54145 (J, W) 574145 (J, N) -— mm 
аа SN54LS145 (J, W) SN74LS145 (J, W) See pago 7-157 ^. SNS4151A (ЈИ) SN74181A (J, N) 
SN54LS151 (J, W) SN74LS151 (J, № 
45151 (J 745151 (2, М) 
DATA МИТЕ DATA мест 


^ ^ 
we 7% О 7 fa О с\ 


10-LINE DECIMAL ТО #LINE BCD PRIORITY ENCODERS 


147 


1-OF-8 DATA SELECTORS/MULTIPLEXERS 


152 


cU mE. 
5М54147 (J, W) — SN74147 (J, М) See page 7-157 DATA INPUTS 
See page 7-151 SN54LS147 (J, W) SN74147 (J, N) RE ve 
NC — No interna! connection SN54L$S152 (үу) 


TEXAS INSTRUMENTS Тғхулс INGCTRIIMENTS 


4/14 FAMILIES OF COMPATIBLE TTL CIRCUITS | 54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 
rr PIN ASSIGNMENTS (TOP VIEW) 


PUTS OUTPUT weuts OUTPUT 
—— 


DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 


QUAD 2- TO 1-LINE DATA SELECTORS/MULTIPLEXERS m St 
NONINVERTED DATA OUTPUTS 
158 імуептео DATA OUTPUTS 
- 7 select DATA INPUTS У у бо SELECT, ЗА в ЧҮ 
SN54153 (J, W) SN74153 (J, N) INPUTS OUTPUT INPUTS OUTPUT 
SN54L153 (J) SN74L153 (J, N) SN54157 (J,W) — SN74157 (J, №) 
SN54LS153 (J, W) SN74LS153 (J, М) SN54L157 (J) SN74L157 (J, N) 7 
5М545153 (J, М)  SN74S153 (J, N) SN54LS157 (J, W) SN74LS157 (J, М) 
See paga 7-165 | 5М545157 (J, №} 5М545167 (J, М) 


SN54LS158 (J, W) SN74LS158 (J, N) 
5М545158 (J, W) 5М745158 (J, М) 


4-LINE TO 16-LINE DECODERS/DEMULTIPLEXERS 


v INPUTS OuTPuUTS 
cc А 


4- ТО 16-LINE DECODERS/DEMULTIPLEXERS 


— 


fal ffl ffl fl fo и зна Цој 


159 OPEN-COLLECTOR OUTPUTS 
OUTPUTS 
v GNO 
OuTPuTS SN54159 (J, W) SN74158 (J, М) 
` SN54154 (J, № SN74154 (J, N) 
SN54L154 (J) SN74L154 (J, N) 
See раде 7-171 


SYNCHRONOUS 4-BIT COUNTERS 


160 DECADE, DIRECT CLEAR 


DECODERS/DEMULTIPLEXERS 


161 sinary, DIRECT CLEAR 
DUAL 2- TO 4-LINE DECODER 


DUAL !- TO 4-LINE DEMULTIPLE XER 
3- TO 8.LINE DECODER 
1- TO &LINE DEMULTIPLEXER 


16 2 DECADE, SYNCHRONOUS CLEAR 


СТА Ок А B t р мава GNO 


RY, SYNCHRONOUS CLEAR Dara Минут 
SN54160 (J, W) SN74160 (J, N) 
| SN54LS160A (J, М)  SN74LS160A (J, N) 
, SN54161 (J, W) SN74161 (J, N) 
155 тотемғокв outeurs SNS4LS161A (J,W) — SN74LS161A (J, №) 
SN54162 (J, W) SN74162 (J, N) 
SN54LS162A (J,W)  SN74LS162A (J, N) 
186 оғемсошестоя oureurs 5М541665 (J, W) ^ SN74155 (J, М) ујан Mr plein vee 
| SNOLST9S (4, W). ЕМЫ), NE SN54LS163A (J, W)  SN74LS163A (J, №) 
SN54156 (J, W) — SN74156 (J, № 


N7 
See page 7-175 585415156 (J, W) SN74LS156 (J, М) 5М545163 (J, W) 5М745163 (J, М) 


унио 


TEXAS INSTRUMENTS: TEXAS INSTRUMENTS 


14/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUIT: 


PIN [ 


PIN ASSIGNMENTS (TOP VIEWS) 


8-BIT PARALLEL OUTPUT SERIAL SHIFT REGISTERS 


И... CLEAR 


SYNCHRONOUS DECADE RATE MULTIPLIERS 


167 
SERIAL INPUTS OUTPUTS , 
5М54167 (J, W) 5М74167 |J, N} 
SN54164 (J, W) SN74164 (J, N) 
See page 7-206 SN541.164 (J, T) SN74L164 (J, М) 
SN54LS164 (J, үү! SN74LS164 (J, N) See page 7-222 NC — No internal connection 


PARALLEL-LOAD 8-BIT SHIFT REGISTERS WITH cuoc _PARALLELINPUTS А ОШТРИ 4-BIT UP/DOWN SYNCHRONOUS COUNTERS 
COMPLEMENTARY OUTPUTS МИ ин жін жат ҰРТ іші 
16 5 168 DECADE 
169 вмляу 
ы PARALLEL INPUTS $М541$168А (Ј, W| — SN74LS168A (J, М) 
5М646168 (J, М 5М745108 (J, Ni 
See раде 7-212 SN54165 (J, W) SN74165 (J, М) SN54LS169A (J, W! — SN74LS169A (J, №) 
SN54LS165(J,W) 5М7415165 (J, М) Sas рада 7:28 SN545169 (J, W) 5М745109 (J, М) 
ТЕ МҰСТ (ENABLE — OUTPuTE 
8-BIT SHIFT REGISTERS 4-ВҮ-4 REGISTER FILES " эсс a ee тп 


166 PARALLEL/SERIAL INPUT 170 separate READ/WRITE ADDRESSING 
SERIAL OUTPUT SIMULTANEOUS READ AND WRITE 
OPEN-COLLECTOR OUTPUTS 


EXPANDABLE TO 1024 WORDS 


МЕ А DATA QE DUNG. 
SN54170 (J, W) 5М74170 |J, М) 
— Ө SN74108 (J; № SN54LS170 J, W) — SN74LS170 (J, NÌ 
See 7.217 SN54LS166 (J, W) SN74LS166 (J, М) 


See page 7-237 


—————'——————— ——— ———— SSS 


TEXAS INSTRUMENTS 


Tevac імстентклсытс 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


16-8IT REGISTER FILE 


IN ASSIGNMENTS (TOP VIEWS) 


PRESETABLE COUNTERS/LATCHES 


172 INDEPENDENT READ/WRITE ADDRESSING 
SIMULTANEOUS READ/WRITE 
8-WORDS OF TWO BITS EACH 
3-STATE OUTPUTS 


176 DECADE (BI-QUINARY) 


177 BINARY 


А oc 

couv ос Qa cL : к GND 
DATA INPUTS 

$N54176 (J, W) SN74176 (J, М) 

5М54177 (J, W) 5М74177 (J, N) 


See page 7-245 = 


4-ВІТ D-TYPE REGISTERS 
4BIT UNIVERSAL SHIFT REGISTERS 


173 STATE OUTPUTS 


178 


See page 7-249 “Жыл ылы 99 
$N54173 (J, W) $№74173 (J, N) 


$№541$173 (J, W) SN74LS173 (J, N) SN54178 (J, W) 5М74178 (J, N) 


HEX D-TYPE FLIP-FLOPS 


174 sns RAIL OUTPUTS 
OMMON DIRECT CLEAR 


4-BIT UNIVERSAL SHIFT REGISTERS 


179 DIRECT CLEAR 
Qp COMPLEMENTARY OUTPUTS 


SN64174 (J, W) $N74174 (J, N) 
See page 7-253 SN54LS174 (J, W $N74LS174 (J, №) 
Ы 5М545174 (J, W) 8М745174 (J, М) олот жип, 


9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 


QUAD D-TYPE FLIP-FLOPS 


MBM cars OUTPUTS 
OMMON DIRECT CLEAR 


180 


5М54175 (J, W) SN74175 (J, N) 5 ^ ‚(чїч O00 Livin LOO0 GNO 
Bee page 7-253 SN54LS175 (J, W^ 5М741.5175 (J, М) суа IPUI INPUT OUIPUT OUTPUT 
SN548175 (J, W) SN748175 (J, N) $№54180 (J, W) SN74180 (J, М) 


Trew a Pas ner ar 


uann area 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS 


ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 


. - 


16 ARITHMETIC OPERATIONS 
16 LOGIC FUNCTIONS 


See page 7-271 


LOOK-AHEAD CARRY GENERATORS 


182 


See page 7-282 


DUAL CARRY-SAVE FULL ADDERS 


183 


See page 7-287 


CODE CONVERTERS 


CASCADEABLE TO N-BITS 


184 BCD-TO-BINARY 


185 


BINARY-TO-BCD 


See page 7-290 


SN54181 (J, W) 


SN54LS181 (J, М) 


5М545181 (J, W) 


"$N74181 (J, № 
SN74LS181 (J, № 
SN74S181 (J, N) 


SN54182 (J, W) 
5М545182 (J, W) 


SN74182 (J, N) 
5М745182 (J, N) 


SN54LS183 (J, W) 
SN54H183 (J, W) 


$N54184 (J, W) 
$N54185A (J, W) 


SN74L8183 (J, М) 
$N74H183 (J, N) 


$N74184 (J, N) 
$N74185A (J, М) 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


~ 
512-BIT PROGRAMMABLE READ-ONLY MEMORIES Шаг) 


з M 00: оз оог 
ET 
186 «esr worps т TA 
OPEN-COLLECTOR OUTPUTS : a > 


See Bipolar Microcomputer Components Data Book, LCC4270 


SN54186 (J, Wi 


NC — No Internal connection 


SN74186 (J, М) 


1024-B! T READ-ONLY MEMORIES 


187 


256 4-BIT WORDS 
OPEN-COLLECTOR OUTPUTS 


$N54187 (J, W) 5м74187 (J, N 
See Bipolar Microcomputer Components Data Book, LCC4270 ы 4 


LI 


256-BIT PROGRAMMABLE READ-ONLY MEMORIES 


18 8 32 8-BIT WORDS 
OPEN-COLLECTOR OUTPUTS 


5М541ЕВА (J, WI 


SN74 185A (J, М) 
; SNS4S188 (J, уу) 


See Bipolar Microcomputer Components Data Book, LCC4270 SN74S188 (J, №) 


64-31T RANDOM-ACCESS MEMORIES 


189 


16 4-ВІТ WOROS 
THREE-STATE OUTPUTS 


SN54S189 (J, W) 
See Bipolar Microcomputer Components Data Book, LCC4270 


SN745189 (J, N) 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS | 
PIN ASSIGNMENTS (TOP VIEWS] ae 


SYNCHRONOUS UP/DOWN COUNTERS 


See page 7-296 


SYNCHRONOUS UP/DOWN DUAL CLOCK COUNTERS 


192 BCD WITH CLEAR 


BINARY WITH CLEAR 


4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 


194 


$N54190 (J, W) 
SN54L5190 (J, W) 
SN54191 (J, W) 
SN54L5191 (J, W) 


SN54192 (J, W) 
SN541.192 (J) 
5№641.5192 (J, W) 
SN54193 (J, W) 
SN541.193 (J) 
5М541.5193 (J, W) 


CLEAR SHIFT A 
том! 


SN74190 (J, №) 
SN74L5130 (J, М) 
SN74191 (J, М) 
SN74LS191 (J, №) 


$№74192 (2, М) 
SN741192 (JN) 
SN741$192 (J, № 
SN74193 (J, N) 
5М741,193 (J, N) 
SN74LS193 (J, NI 


ii 
SERIAL PARALLEL INPUTS 
РТ 


SN54194 (J, W) 
SN54LS194A (J, үй! 
5М545194 (J, W) 


50 Тгхалс Incrorimasrarre 


SN74194 (J, М) 
SN74LS194A (J, М) 
SN745194 (J, М) 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


4-ВІТ PARALLEL-ACCESS SHIFT REGISTERS 


See page 7-324 


PRESETABLE COUNTERS/LATCHES 


1 9 6 DECADE/BI-QUINARY 


197 BINARY 


See page 7-331 


8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 


198 


See page 7-338 


5М54195 (J, W) SN74196 (J, №) 
SN54LS195A (J, W) 5М7415195А (J, N) 
$N54$195 (J, W) 5М745195 (J, М) 
--- 
DATA INPUTS 1 


DATA МАТЕ 
SN54196 (J, W) 5М74196 (J, N) 
SN54LS196 (J, W) SN74LS196 (J, М) 
5М545196 (J, ҮҮ) 5М745196 (J, МІ 
5454197 (J, W) SN74197 (J, NI 
5М5415197 (J, W) 537415197 (J, М) 
5М545197 (J, W) 5М745197 (J, №) 


SN54198 (J, Үй 5М74198 (J, М) 


ee orm 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


DUAL MONOSTABLE MULTIVIBRATORS 


221 


See page 6-68 


ASYNCHRONOUS FIRST IN, FIRST OUT MEMORIES 


225 165-іт wonos 


Ses Bipolar Microcomputer Components Data Book, LCC4270 


4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


226 З$ТАТЕ OUTPUTS 


OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 


NVERTED 3-5ТАТЕ OUTPUTS 


See раде 6-83 


ч gm " m o m wa m 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUIT 


PIN ASSIGNMENTS (TOP VIEWS) 


OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 


241 NONINVERTED 3STATE OUTPUTS 


QUADRUPLE BUS TRANSCEIVERS 


242 INVERTED STATE OUTPUTS 


Ses page 6-87 


QUADRUPLE BUS TRANCEIVERS 


243 NONINVERTED STATE OUTPUTS 


See page 6-87 


OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 


ONINVERTED 3STATE OUTPUTS 


w LII LJ LII LI "m ~ m ~ 
SN54LS241 (J) 5М741.5241 (J, N) 


53545241 (J) | 5№745241 (J, NI 


SN54LS242 (J, W) 5№741.5242 (J, №) 
NC—No internal connection 


$N54L$243 (J, W) $N74L8243 U, NI 
NC—No internal connection 


SN54L$244 (J) SN74LS244 (J, N) 


4/14 FAMILIES OF COMPATIBLE TTL CIRCUITS i 54/74 FAMILIES OF COMPATIBLE TTL CIRCUI 
PIN ASSIGNMENTS (TOP VIEWS) (TOP VIEWS 
OCTAL D-TYPE LATCHES t | QUAD J-K FLIP-FLOPS 
НЫ 
А... OUTPUTS 4 376 COMMON CLOCK — 
COMMON OUTPUT CONTROL - COMMON CLEAR 


COMMON ENABLE 


ame чм 


See page 7-479 $N54376 (J, W) $N74376 (J, М) 


SN54LS373 (J) ^ SN74LS373 (J, № | OCTAL D-TYPE FLIP-FLOPS 
See page 7-471 5545373 (J) 5М745373 (J, №) 
377 sincte-rait oUrPurs 
COMMON ENABLE 
OCTAL D-TYPE FLIP-FLOPS COMMON CLOCK 
TATE OUTPUTS 


MMON OUTPUT CONTROL 
COMMON CLOCK 


See page 7-481 
5М541.5377 (J) $N74L$377 (J, №) 


HEX D-TYPE FLIP-FLOPS 


378 SINGLE-RAIL OUTPUTS 
COMMON ENABLE 


$N54LS374 (J) — SN74LS374 (J, №) COMMON CLOCK 


See page 7-471 5М545374 (J) 5М745374 (J, №) 


4-BIT BISTABLE LATCHES 


See page 7-481 у SN54LS378 (J, W) $N74L5378 (J, ^ 


315 


QUAD D-TYPE FLIP-FLOPS 


37 9 DOUBLE-RAIL OUTPUTS 
COMMON ENABLE 
COMMON CLOCK 


SN54L5375 (J, W) SN74LS375 (J, N) 


See page 7-481 $N54LS379 (J, W) $N741$379 (J, | 


54/14 FAMILIES OF COMPATIBLE TTL CIRCUIT: 


4/14 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS DUAL 4-BIT BINARY COUNTERS 


3 81 8 BINARY FUNCTIONS 
USE '$182 FOR LOOK-AHEAD CARRY 


от 


SN54393 (J, W) 5М74393 (J, М) 
J, W) SN74LS393 (J,A 
Sea page 7-489 SN54LS393 { 


See page 7-484 
SN54S381 (J) 5М74538 1(Ј, N) 


QUAD 2HNPUT EXCLUSIVE-OR GATES 4-BIT UNIVERSAL SHIFT REGISTERS 


386 395 = sstate oureurs 
POSITIVE LOGIC: 
Y=AeBAB+AB 

See page 7-487 


| J,W)  SN74LS395A (4,1 
SN54LS386 (J, W) | SN74LS386 (J, N) See page 7-496 ЕСІ 


1024-BIT PROGRAMMABLE READ-ONLY MEMORIES QUAD 2-INPUT MULTIPLEXE RS WITH STORAGE 


387 256 4-81T WORDS 


OPEN-COLLECTOR OUTPUTS 398 оовьЕ-ВАИ. ОЏТРШТ5 


See page 7-499 
See Bipolar Microcomputer Components Data Book, LCC4270 


SN54LS398 (J) — SN74LS398 (J, №) 
5М545387 (J, W) 5М745387 (J, №) 


DUAL DECADE COUNTERS QUAD 2-INPUT MULTIPLEXERS WITH STORAGE 


390  &aunanv on sco SEQUENCES 399 —змоце-вли. ОЏТРИТ5 


See page 7-489 $N54390 (J, W) 5М74390 (J, М) 
SN54LS390 (J, W) SN74L£290 (J, М) 


See page 7-499 :$N54LS399 (Jw) SN74LS399 (J, М) 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS 


PIN ASSIGNMENTS (TOP VIEWS) 


PROGRAMMABLE READ-ONLY MEMORIES 


54/74 FAMILIES OF COMPATIBLE TTL CIRCUIT: 


PIN ASSIGNMENTS (TOP VIEWS) 


48IT-SLICE EXPANDABLE CONTROL ELEMENTS 


«^ n п F 77 ле 


Li n outputs 
co а м 


482 CASCADABLE ТО N-BITS 


472 З-5ТАТЕ OUTPUTS 


473 OPEN-COLLECTOR OUTPUTS 


8М545482 (J) 5М745482 (J, М) 
; 5М545472 (J) 5М745472 (2, М) 
See Memory and Microprocessor Data Book, LCC 4270 5М545473 (J) 5М745473 (J, М) CC427 
See Bipolar Microcomputer Components Data Book, L 0 
PROGRAMMABLE READ-ONLY MEMORIES 
DUAL DECADE COUNTERS à "E а | олүм» 
474 3STATE OUTPUTS мес (лос олай өл тов ^X AE RR 


475 OPEN-COLLECTOR OUTPUTS 430 
" 
mw ur. 
“ка айа oot т : 
WA ce әліп 
SN54490(J, W) — SN74490 (J, №) 
SN549474 (J) $№745474 (J, N) SN64LS490 (J, М) SN74LS490 (J, № 

See Memory and Microprocessor Data Book, LCC 4270 8М545475 (J) SN74S475 (J, М) See page 7-620 


NC — No internal connection 


4-8) T SLICE PROCESSOR ELEMENTS 


4-ВҮ-4 REGISTER FILES 
481 мо вх ск эсте ^T aoo 42 


w^ міс! ы! омота 
vee UM WOW. BATTED UT OT 
TATE OUTPUTS 
IMULTANEOUS READ/WRITE 


EXPANDABLE TO 1024 WORDS 


ри 
Ога Ёз РОБ WAG РАП бол ү! 
LLLI T 
$ g vj је "m 
өз 


пи 1919 po n ef 


SN54L$670 (J, W) SN74LS670 (J, М) 
See page 7-526 


Beckman Series 7545 and 7546 are the first CMOS 12-bit Digital- 

to-Analog Converters to offer the combination of complete 8-bit 

microprocessor compatibility, real 12-bit accuracy and TTL or 

CMOS logic input compatibility within a single package. 

Their features include: 

a 12-Bit Resolution 

ш +0.012% linearity (+ V? LSB in 12 bits) guaranteed over the 
operating temperature range (7545) 

® Double buffered inputs—separate input and holding registers 

и Microprocessor compatible 4-bit/8-bit byte input for 12-bit 
inputs from 8-bit microprocessors 

® Serial or parallel input formats—switchable upon command 

и TTL or CMOS input compatibility 

= Commercial and military temperature range versions 

8 Low power CMOS internal circuitry 

в All thin film application resistors included for superior 
stability and precision performance 

8 Low reference feedthrough for precision AC reference 
applications 


Microprocessor Compatibility 

Both Series 7545 and 7546 have two input registers separate from 
the switch holding register which can separately be enabled to 
accept a 12-bit input data word in 4-bit (most significant bits) and 
8-bit (least significant bits) bytes from an 8-bit microprocessor bus. 


True 12-Bit Performance 

2 LSB linearity (+0.012% FSR) is guaranteed over the full 
operating temperature range for each model of series 7545. Simi- 
larly, worst case limits are specified for initial gain setting error 
and gain error temperature coefficient for both the 7545 and 
7546 and for the Series 7546, zero offset and zero offset tempera- 
ture coefficient are guaranteed. 


Serial or Parallel Operation 

Both series can operate in a serial input mode or a parallel input 
mode and, in fact, can alternately be switched from one mode 
to the other. In the serial mode, the four least significant bit input 
registers can be bypassed to allow processing 8-bit input words 
in the eight most significant bit locations. 

The input registers and holding register are configured to allow 
either switch updating upon command using the enable lines, 
or in a continuous conversion mode by permanently enabling the 
transfer lines for parallel operation. 


TTL or CMOS Compatible 

Both input registers utilize input translators which can accept 
either TTL inputs using a +5 volt supply or CMOS inputs using 
supply levels from +5 to +15 volts. Separate holding register and 
input register power supply lines allow this flexibility without 
compromising linearity. 

Military and Commercial Versions 

Commercial versions are available in a polymer sealed package 
(e.g., 7545C and 7546C) with performance specifications guaran- 
teed over 0°C to +70°C. The MIL range performance versions 
utilize an hermetically sealed package with performance guaran- 
teed over — 55°C to —125°С (e.g., 7545M and 7546M). 


Internal Configuration 

Precision thin film nichrome resistors are deposited on an alumina 
substrate to achieve optimum stability and uncompromised 
linearity and tracking performance. A separate CMOS chip con- 
tains the input level translators and shift registers, the DAC switch 


Technical Bulletin 


Beckman 


Series 7545 and 7546 
MICROPROCESSOR 
COMPATIBLE 

CMOS 12-BIT D-TO-A 
CONVERTERS 


Effective date: June, 1979 


Series 7546 General Purpose D-to-A Converter 


holding register, the switch drivers and analog switches and is 
silicon nitride passivated to insure high reliability performance 
for both commercial and military requirements. These devices are 
assembled on a thick film substrate to provide the most cost effec- 
tive overall assembly. 

All units receive 100% electrical testing over the specified tem- 
perature range to assure reliable performance capabilities for 
both commercial and military versions. 


General Purpose and Multiplying Models 

Series 7545 is the four quadrant multiplying configuration 
designed for use with an external AC reference. Four quadrant 
multiplication is implemented by the bipolar digital proportioning 
of the AC reference. Two quadrant multiplication can be imple- 
mented by either unipolar proportioning of an AC reference or 
bipolar proportioning of a unipolar DC reference. The use of 
external reference and amplifier circuitry allows the maximum 
flexibility for supply levels and signal processing levels. For exam- 
ple, the maximum reference and output levels are determined by 
the amplifiers selected and their output voltage swing capability 
with respect to power supply levels. Series 7545 can be used with 
a wide range of supplies to accommodate TTL or CMOS system 
standard supply levels where the digital and analog subsysiems 
operate on different supplies 

Series 7545 typically requires less then 10 mW of power consamp- 
tion, making it an ideal choice for оретапоп with lis ролет 
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Figure 1. Series 7545 Block Diagram 


external amplifiers in battery powered, portable instrumentation 
applications. 

Series 7546 allows higher system density by providing a complete 
genera! purpose converter which contains a 10 volt DC reference 
and the op amp and feedback circuitry to achieve up to 5 mA of 
output drive capability without the addition of other external 
components. | 

The complete general purpose converter also eases the design 
and manufacturing task by incorporating preadjusted zero offset 
for the output buffer amplifier, the biasing amplifier for bipolar 
operation and, also, the internal reference. Each is precisely pre- 
trimmed to guarantee initial tolerances which will satisfy most 
applications, although external adjustment is possible, if required. 
Series 7546 can also utilize the wide variety of supply levels antic- 
ipated for most digital systems applications utilizing a combina- 
tion of CMOS or TTL and analog interface sections. 


Series 7545 Operation 

As shown in Figure 1, the input voltage, Vnrr, is applied to a 20K 
binary weighted, R-2R ladder. Each 2R leg is connected to a pair 
of N-channel, MOS transistors. These transistors switch the binary 
weighted currents that flow in each 2R leg to either the 101 bus 
(logic “1” input) or to the 102 bus (logic “0” input). Normal opera- 
tion requires operational amplifiers at 101 and 102 which maintain 
these nodes at ground or virtual ground potential. 


Internal Compensation 

The "on" resistance of the MOS transistor switches are binary 
weighted with the MSB set at 25 ohms. The linearity of the DAC 
is dependent upon the ratio accuracies of the switch resistances 
and not upon their absolute values. Excellent switch ratio toler- 
ances account for small linearity errors even over the operating 
temperature range of the DAC. Also, the low power density in 
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the switching transistors eliminates transient thermal gradients 
normally encountered with bipolar current switches. 

Feedback gain compensation for switch resistance is provided by 
an "on" switch in series with the internal "R" feedback resistor. 
This compensation transistor reduces gain drift errors to less than 
2p/10°/°C and provides outstanding power supply rejection. 

A second compensation transistor (unique to Series 7545 and 7546) 
compensates the R-2R ladder terminating resistor. 


Digital Inputs 

The input buffer register is divided into a 4-bit shift register that 
controls the four MSB's and an 8-bit shift register that controls 
the eight LSB's. A serial/parallel control line (5/Р) allows data to 
be applied to the serial input through SRI or the parallel inputs, 
DBO-DB11. Separate enable lines (HBE and LBE) are provided for 
these registers. In the parallel mode when S/P is logic “0”, data bits 
0811 through 088 will enter the input register when НВЕ is set to 
a logic “1”. Data inputs DBO through 087 will enter their input 
buffer register when LBE is set to logic 71". This arrangement 
allows sequential loading of a 2-byte, 12-bit word from a single 
8-bit data bus. 

In the serial mode when S/P is logic “1”, serial data appearing at 
the serial input (SRI) will be clocked into the input register on the 
positive transition of a pulse train applied simultaneously to 
HBE and LBE. The serial data in the input buffer can be recovered 
from the serial output pin, SRO. 

All logic inputs are provided with level shifters that operate from 
Мс. АН digital inputs are compatible with TTL logic levels when 
‘cc is connected to +5V and CMOS levels when Мос 15 connected 
to a CMOS supply (see operating limits). 


Table 1— Series 7545 Performance Specifications (Note 1) 


Conditions Typical 


Parameter 


18-1" 
0°С = Тс = +70°С 
—55°С = Tc = +125°С 


Resolution 


ae eS SS Se eS 


Non-linearity 


Converter 
Transfer 
Characteristics 


Differential Non-linearity 


Inital Gain Setting (Note 2) 


Gain Setting 0°С = Те = +70°C p/10*^C 
Tempco 7545M —55*C < Tc < +125°С 


рЕ 


Reference Feedthrough Veer = 20V р-р; 10 kHz 
(Note 3) 
0°С < Тес < +70°C 


— 5590 < Te < +125°С 


Settling Time 
Output Leakage 7545C 
Current (101, 102) 7545M 


12 
10 
2 
10 
25 
100 


Analog 
Output АП Data Bits High 20 | | 
Characteristics Output Со? All Data Bits High о | | r | 
Capacitance - 
(at 101, 102) AUD Sta Bits Low us | | pF 
Al Data Bits Low n н | 
Reference Input Voltage Range | 
Characteristics “input Resistance в 
TTL Logic Logic “1” Т ај "ес (| 
Ee Logic oe и NR И 


(Note 4) mm 
Parallel Data & Serial 8-Bit Word 
Data Set-up 
Digital | Data Hold 
Input | - 
Characteristics | Pulse Width 
~ < Serial Data 12-Ви Word 
Data Set-up 
Data Hold 
Pulse Width 
Serial Clock Frequency 


> 
e 
+ 
= 
о 
^ 
: 
= 
i 
> 


2 
Ф 
о 
[2] 


tDW 


All Input Levels 


LDAC, HBE, LBE t0 


LDAC, НВЕ, LBE (0 


ме 


750 
50 
500 
300 
450 
500 


Power Supply Ус Von Current nears 


Characteristics Vcc, Мор Supply Rejection 


10 p/10* FSR/% 
+70 


Tenersi Operating Temp. Worst Case Limits Apply 
oa Range БМ | Worst Case Limits Apply | —5 


Storage Temp. Range =65 


Notes: (7545) 

1. Unless otherwise specified, performance guarantees apply for +10V < Vpp < +15V, +5V < Усс < Vpp and Veer = +10V and speci- 
fications for 7545C apply over 0*C < Tc < +70°C and for 7545M over —55°C < Tc < +125°C. 

2. The Internal feedback resistor, R (FB1 at pin 14) has been laser pre-trimmed to establish the proper gain ratio against the ladder 
impedance "R." ; 

3. The output settling time for the multiplying configuration is almost entirely dependent on the external amplifier selected. The speci- 
fication shown is for the output current 101 for an FSR step settling to within 0.01% FSR. 

4. Threshold levels shown are for TTL logic levels. For different Vcc levels typical in CMOS systems, see Figure 3. 
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Series 7545 Pin Assignments 
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Figure 3. Logic Levels 


Terminology 


Differential Linearity is the difference between the actual output 
and the theoretical output between any two adjacent steps in 
the transfer function. 

Gain is the ratio of the full scale range (FSR) to Vggr after the 
zero output error has been removed. 

Gain Drift is the maximum change in gain at the temperature 
end points with respect to the + 25°C value, divided by the сог- 
responding temperature change expressed in parts per million 
of full scale range (p/10°/°C). 

Non-Linearity is the deviation of the analog output from a straight 
line drawn between the two end points (all bit ON and all 
bits OFF). 

Offset Drift is the maximum change in offset voltage at the tem- 
perature end points with respect to the --259С value, divided by 
the corresponding temperature change expressed in parts per 
million of full scale range (p/10°/°C). 

Settling Time is the total time (including slew time) for the output 
to settle to within the error band (--0.01% FSR) about its value 
following an input change. 

FSR is full scale range—FSR — 10V for unipolar 0 to — 10V output, 
FSR = 20V for bipolar +10V to — 10V output. 


Digital Input Codes (7545 and 7546) 


The digital input codes for Series 7545 and 7546 D-to-A Converters 
are natural binary code. The MSB has a weight of (2-7), and second 
bit has a weight of (2-2), and so forth down to the LSB, which has 
a weight of 2-12 Table И! below shows the full-scale, half-scale 
and zero codes, and their respective analog outputs for both 
unipolar output and bipolar output. 


Table И!—бепе5 7545 and 7546 Digital Input Codes. 
(VREF = +10.000V) 


M Digital L 

5 Input S Output 

B (0811-080) В (Fig. 7, 9) 
1 


12117741 31317593 


100000000001 
100000000000 


-Vggr (095-27 12) 


-Укеғ/2 


Terminal Designations 


AGND Analog Ground (see Power Supply Considerations). 

080-0811 J/nput Data Bits. 

DGND Digital Ground (see Power Supply Considerations). 

FB1,2,3, Feedback Resistors (see Figures 1 and 2). 

GUARD Ground Plane (see Power Supply Considerations). 

HBE *High Byte Enable—tn the parallel mode data at 088 
through DBTI is transferred into the input register 
when HBE reaches logic “1”. In the serial mode, HBE 
is tied to LBE and is used to clock serial data into the 
input register. 

101,2. Current output buses normally at ground or virtual 
ground. 

LBE *Low Byte Епабје—|п the parallel mode data at DBO 
through DB7 is transferred into the input register 
when LBE reaches logic “1”. In the serial mode, LBE 
is tied to HBE and is used to clock serial data into the 
input register. 

LDAC *Load DAC—Logic "1" at LDAC transfers data from 
the input register to the holding register to update 
the DAC output. 

OUTPUT Converter Voltage Output (7546 only). 

RADJ Reference Adjust (see Applications Section). 

REF(10V) Internal Reference Output (7546 only) normally con- 
nected to Ver, reference input. 

S/P Serial/Parallel Control—Set at logic “1” for serial 
operation and logic “0” for parallel operation. 

SRI Serial Register Input. 

SRO Serial Register Output. 

SUM Output amplifier summing junction (7546 only). 


T8 Truncate 8 allows 8-bit serial words to enter the eight 
most significant bit locations bypassing the four least 
significant bit locations. Set T8 at logic “0” for 8-bit 
serial operation. Also, DBO through DB3 must be 
held at logic “0” during 8-bit operation. For 12-bit 
operation set T8 at logic “1”. 


“іп parallel operation, LDAC, HBE and LBE can either be controlled by system timing 
or permanently wired to logic “1% to allow continuous parallel updating. 


Maximum Ratings (7545 and 7546) 


УВЕО СМО: 4: usps reote а peel teme +25V 
Vip tO GND у рыгын шш ырен ны — m +17V 
VCC l0 СМО enis atte opener алама а талына +17V 
VEC tO VDD asians в Ба ТЕР Sete temo +0.4V 
(01102 че ылдын е E as аа A +5mA 
101 то GND; 10210 СМО ..................... — 300 mV to Vpp 
Operating Temperature Range .............. — 55°C to +125°С 
Storage Temperature Range ................ — 65°C to + 150°C 
Digital Input Voltage Range ...................... Vpp to GND 


Operation Cautions 

1. Do not apply voltages higher than УСС to SRO. 

2. Do not apply voltages higher than Vpp or less than — 300 mV 
with respect to GND to any other input/output terminal except 
VREF, FB1 or FB2. 

3. The digital control inputs are zener protected; however, per- 
manent damage may occur on unconnected units under high 
energy electrostatic fields. Store units in conductive foam. 

. 4. Усс should never exceed Vpp by more than 0.4V. 

5. Unused inputs should be grounded or connected to Vcc. 

6. А 50 ohm resistor should be connected in series with Урр next 

to the decoupling capacitor, thus protecting the device during 


`~  poweron sequencing. 


Unipolar Configuration Bipolar Configuration 


Output Output Output 
(V) (Fig. 8, 11) (V) 


-Vggr (1.0-2~ 12) — 9.9976 рер (0.0727 10) — 9.9952 


-Vgrr (0-5-2713 


0111171 1 


000000000001 —УрЕЕ Q7 12) 
000000000000 0 


—4.9976 Ур 271% ~ 0.00488 
— 0.00244 -Vggr (0-27!) + 9.9952 
0 -VREF -10 | 


Power Supply Considerations 

Significant improvement in high frequency noise rejection will 
result if individual converter circuits are decoupled from the 
power supply with small R-C networks. These should be located 
as close to the circuit as practical. Separate digital and analog 
ground returns designated DGND and AGND respectively, are 
rovided so that noisy ground currents, normally associated with 
igital circuits can be separately returned to the system power 
supply ground. Both AGND and DGND must be connected to a 
common ground potential within the system. The converter will 
perform within specification with up to --0.5У between the 
two grounds. 

A separate ground plane built into the DAC (GUARD) may be 
used to reduce leakage currents and feedthrough capacitance. 
It is recommended that this be connected to the analog ground 
(AGND) in most system applications. 

Protective diodes shown in the application diagrams protect the 
device against voltage transients during power "on" and “off” 
sequencing. If Vcc and Vpp are derived from a common supply 
and the device's Absolute Maximum Ratings are strictly adhered 
to, these protective measures may be omitted. 


12-Bit Parallel Loading (7545 and 7546) 

The logic connections for loading 12-bit parallel data into the 
input register is shown in Figure 4. Data is transferred from the 
input buffer register to the holding register when the update 
line, LDAC is logic "1". (РАС is a level-actuated function and 
must be held “high” at least 500 nanoseconds for proper data 
transfer to occur). When data is stable on the parallel inputs (DBO- 
DB12), it can be transferred on the positive edge of the enable 
pulse (logic “1” applied to HBE and LBE simultaneously for 500 ns 
min.). If LDAC is logic “0”, the contents of the holding register 
are unaffected by the signals appearing on the data bit inputs. 


Урр Усс 
о 


DATA BIT INPUTS 


LOAD INPUT 
REGISTERS 


о LOAD DAC 


Figure 4. 12-Bit Parallel Loading 


Two Byte Parallel Loading (7545 and 7546) 

The configuration for two-byte loading of parallel data from a 
data bus is shown in Figure 5. As shown in the timing diagram, 
the least significant data byte (DB0-DB7) is loaded into the input 
buffer register on the positive transition of LBE. When the most 
significant data byte (DB8-DB11) is available on the bus, the input 
buffer register is loaded on the positive edge of HBE. Data is 
transferred from the input buffer register to the holding register 
when the DAC update line LDAC is logic “1”. 


erial Data Input Loading (7545 and 7546) 

he connection and timing diagrams for serial loading are shown 
in Figure 6. Either an 8-bit or a 12-bit word may be loaded into 
the input register at SRI. If TB is held to logic “0”, the four least 
significant input latches in the input register are bypassed to 
provide serial loading of eight-bit words into the eight most 
significant bit locations. If ТВ is held to a logic “1”, the DAC will 
accept a 12-bit serial word. When loading a 12-bit word, exactly 


12 positive edges of the clock are required at HBE and LBE to 
load serial data into the input register. Only 8 positive edges 
of the clock are required for an 8-bit word. 

The serial data in the input buffer can be recovered from the serial 
output pin, SRO. The first bit loaded into the input register will 
appear at the shift register output, (SRO) either on the 12th posi- 
tive clock edge (T8 = ^1”) or on the 8th positive clock edge (ТВ = 
“0”). S/P must be held at logic “1” for serial operation. 
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(b) Timing Diagram 
Figure 5. Two Byte Parallel Loading (7545 and 7546) 
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Figure 6. Serial Data Input Loading 


Unipolar Operation (7545) 

Figure 7 shows the circuit configuration for 7545 unipolar opera- 

tion (0V to — 10V). A protective diode is shown across the amplifier 

input which limits the amount of voltage which can appear across 
the terminals 101 to ground during power turn-on or turn-off. 

Note that 102 is connected to analog ground (AGND). Both DGND 

and AGND must be tied to a common ground somewhere in 

the system. 

The specific zero offset circuit will be determined by the external 

amplifier selected. If a summing node approach is required, typi- 

cal component values are shown in Figure 9. И a fast output ampli- 
fier is used, the feedback capacitor C1 is used to compensate 
for summing node capacitance. 

The Zero Offset and Gain adjustments should be performed in 

the following order. 

1. Zero Offset Adjustment—Adjust the amplifier output to zero 
(within +0.5 mV). (A zero offset appearing at the summing 
junction (101) will produce a gain error, therefore, the output 
should be set to zero by a method that will also set the sum- 
ming junction voltage to zero.) 

2. Gain Adjustment—Set КЛ and R2 to zero ohms. Set DBO0-DB11 
to logic “1”. If the output is greater than the required full 
scale value increase R1. If the output is less than the required 
full scale value increase R2. 
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Figure 7. Unipolar Operation 


Bipolar Operation (7545) 

Figure 8 shows the circuit configuration for Series 7545 bipolar 

operation. Protective diodes and the feedback compensation 

capacitor are shown. : 

1. Zero Offset Adjustment—Adjust the offset of amplifiers A1 
and A2 to zero. (A zero offset appearing at the summing junc- 
tion will produce a gain error, therefore, the outputs should be 
set to zero by a method that will also set the summing junctions 
to zero.) 

2. Gain Adjustment—Set the DAC register to all “0's”. Set R1 and 
R2 to zero. If the DAC output is greater than + Мур, increase 
R2 until it reads + Vggr. If the DAC output is less than 4 Vggr, 
increase КЛ until it reads -- Vggr. This assumes that reference 
adjustment which would otherwise be preferred is not 
possible. 3 
Note that the bipolar gain resistors at ҒВ2 and FB3 аге precisely 
preset internal thin film resistors and their specification impact 
is included in the limits for “Gain Setting." 
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Figure 8. Bipolar Operation 


Unipolar Operation (7546) 

The 7546 general purpose converter includes the output buffer 

amplifiers А1 and A2 and an internal precision 4- 10V reference. 

Each amplifier has been individually laser preadjusted for zero 

offset at +25°C. The feedback resistors (FB1, FB2 and FB3) have 

also been ratio matched to meet the gain tolerances specified. 

Additional adjustment may be accomplished as shown in Figure 9 

for unipolar operation. 

1. Zero Offset Adjustment—The DAC output can be adjusted to 
read precisely zero for a code of 000000000000 by adjusting 
the summing current into or out of the summing junction 
(SUM) as shown. 

2. Gain Adjustment— Set all bits to 41” and adjust the reference 
potentiometer until the DAC output reads —0.9976V. 
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Figure 9. Unipolar Operation Utilizing Internal 
+ 10У Reference 


Unipolar Two Quadrant Multiplying DAC (7546) 

Series 7546 can utilize an external AC reference to accomplish 

two quadrant multiplication (bipolar reference x unipolar digital 

input) as shown in Figure 10. 

1. Gain Adjustment—Set DBO to DBTI to all “05” and set КЛ and 
R2 to zero ohms. If the DAC output voltage is greater than 
+ У кв, increase R1 until it reads precisely + Увек. If the DAC 
output is less than -- Vgrr, increase R2 until it reads precisely 
+VREF. 
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Figure 10. Unipolar Two Quadrant Multiplying DAC 
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Bipolar Operation (7546) 

The circuit configuration for bipolar operation using the internal 

precision reference is shown in Figure 11. 

1. Zero Offset Adjustment—The DAC output can be adjusted 
to read precisely zero for a code of 100000000000 by adjusting 
the current into or out of the summing junction (SUM) as shown. 

2. Gain Adjustment—Set the DAC to all 705” and adjust the 
reference adjust potentiometer until the DAC output reads 
+10.000V. 


Figure 11. Bipolar Operation Using Internal 
+ 10V Reference 
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Four Quadrant Multiplying DAC (7546) 

Series 7546 can operate as a four quadrant multiplier (bipolar 

digital input x bipolar reference) using an external reference 

as shown in Figure 12. 

1. Gain Adjustment—Set DBO to DB11 to all “05” and set R1 
and R2 to zero ohms. If the DAC output is greater than + Vgrr, 
increase R1 until the output reads +Veper. If the DAC output 
is less than + Мррр, increase R2 until it reads + Veer. 
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Figure 12. Four Quadrant Multiplying DAC 
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Specifications and Applications 
Information 


QUAD LED SEGMENT DRIVER — MC75491 
HEX LED DIGIT DRIVER — MC75492 


The MC75491 and MC75492 are designed to interface MOS logic 
to common cathode light-emitting diode readouts in serially ad- 
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time multiplexing system results in a 
minimizing of the number of required drivers. 

Low Input Current Requirement for MOS Compatibility 

Low Standby Power Drain 

Source or Sink Current Capability of 50 mA for MC75491 

Sink Current Capabitity of 250 mA for MC75492 
€ Four High-Gain Darlington Drivers in a Single Package — MC75491 
€ Six High-Gain Darlington Drivers in a Single Package — MC75492 


MC75491 CIRCUIT SCHEMATIC c 
(1/4 Circuit Shown! 
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MC75492 CIRCUIT SCHEMATIC 
(1/6 Circuit Shown) 
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МС75492 


MULTIPLE 
LIGHT-EMITTING DIODE (LED) 
DRIVERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


PSUFFIX 
PLASTIC PACKAGE 
CASE 646 


CONNECTION DIAGRAMS 
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MAXIMUM RATINGS (T4 = 0 to *70?C unless otherwise noted.) ( 
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Continuous Collector Current (Each Collector] 
* (АН Collectors) 


= | | 
| | уе | t 
| =| 
ИЕЛЕН 
250 
600 
B30 mW 
6.6 mw/?Cc 


Power Dissipation (Package Limitation) 
Ceramic and Plastic Dual In-Line Packages 
Derate above Тд = +25°C 


Operating Temperature Range 


0 to +70 


-65 to +150 
Note 1. Ус terminai voltage is with respect to any other device terminal. 


Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voltage for proper operation. 
Note 3. Voltage values ere with respect to GND terminal unless otherwise noted. 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vss = 10 Мас, TA = 0 to *709C unless otherwise noted.) 


4 


У 


ә 


УР 
Мас 


Low-Level Coliector-to-Emitter Voltage 

(Vin = 8.5 V thru 1.0 КО, Іо = 50 mA, 
Ve = 50 VI 

ТА = *25?C 

ТА = Ото +70°C 

High-Level Collector Current 

Мен = 10 V, МЕ = 0, lin = 405A 

Vou = 10 V, Vg = 0, Vin = 0.7 V 


Low-Level Output Voltage 
(Vin = 6.5 V thru 1.0 КО, Іор = 250 mA) 

TA = +25°C 

ТА = Ото +70°C 

High-Level Output Current 
Мон = 10 V, lin = 40 ДА 

Мон = 10 V, Vin = 0.5 У 


Emitter Current — Reverse Bias 
Ic = 0, Vin = 0, Vp - 50V 


Propagation Delay Time, High-to-Low Level 
RAL = 200 1, Мн = 45V, CL = 15pF, Ме = 0 
В. = 390, Мн = 7.5 V, CL = 15 pF 


Propagation Delay Time, Low-to-High Level 
C, = 15pF, Vg = 0,8) = 200 0, Мн = 4.5 Мас 
Ct = 15 pF, В. = 39 Я. Vig = 7.5 Мас 


A 


г 
2 
г 
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8 X 8 BIT PARALLEL MULTIPLIER 


The MPY-8HJ multiplier is a high speed, TTL LS! 
device. It is a parallel two's complement multiplier with 
double precision output. It can be plugged into an MPY- 
8AJ socket, and be functionally equivalent. However, 
this newer multiplier has positive setup and zero hold 
times, which reduces system clocking complexity in many 
applications. Also, the RND control is now a registered 
input, making its timing and usage more convenient. 


Four input/output registers are used in the MPY- 
8HJ multipliers. These registers are D-type flip-flops with 
a single phase TTL clock. 


Applications for the MPY-8HJ multipliers include 
digital processing and high speed multiplication for fast, 
nonrecursive filters. They are ideal for extending the 
capabilities of mini/microcomputers, permitting hardware 
multiplication for increased computational speed, and are 
particularly useful for video processing. 


FEATURES 
8-by-8 parallel, two's complement multiplier 
Double precision product 
65 nsec typical multiply time (MPY-8HJ) 
45 nsec typical multiply time (MPY-8HJ-1) 
Much lower power than MSI equivalent multipliers 


Includes input/output positive edge-triggered 


registers 


MPY —8HJ LOGICAL BLOCK DIAGRAM 


X REGISTER 


ASYNCHRONOUS 
MULTIPLIER 
ARRAY 
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ш 
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LSP REGISTER 


CONTROLS 


(Positive logic unless otherwise noted) 
CLK X — Хим Register Clock 


CLK Y — Үү Register Clock 


e Single chip, bipolar technology | 

e Single bus or multiport operation CLK P – Product Registers Clock 

e Radiation hard TRIL — LSP Three-State Control, 

e TTL input and output TRIM — MSP Three-State Control, 

риси LOGIC 0 = Enable, LOGIC 1 = Disable 

e Single power supply, +5V RND (LOGIC 1) — Adds 2:8 to product (fractional 

& AO gin dusldsdinemackage two's complement field — See Page 5 for 1/O Format) 

e Pincompatible with MPY-8AJ АМО Latch is strobed by (CLK X or CLK Y) 

e Zero hold time on input registers 
Г кая ШЕ оо Р —— == 1 PACKAGE INFORMATION 
| РБ 2 Ра | END VIEW 

P7 3 P2 | 
| CLKP 4 Py | [——4 ELM 090 
TRIM 5 PsGN(MSP) | 
аст ise | ace 
SGN 5 1 
| Ре 5 2 ch | - кн — CHARACTERISTICS 
9 9 GND 
Pio 10 9 Үз Dus о 
2.000 Oca (Still = 259C/W 
| Р14 11 > Усс | SIDE VIEW CA SHIG 
| Р12 12 z Y4 | Bca (300 cfm) = 159C/W 
2 Раз 13 Ү5 | 
| Pia 14 Ye | EI MIN 
| des Hu Ты ИШ 
хь 87 СЕК Үү | soe | 
| X4 18 CLK X | са 
X3 19 XSGN 

| X9 20С X4 | 
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МОТЕ 
DIMENSIONS IN INCHES 


LSI MPY, HJ SERIES 
GENERAL SPECIFICATIONS 


Ө Absolute maximum ratings (above which the useful Part Numbers 
life may be impaired) Commercial Military 
SUpplyAVoltage:«. «actes oim oie Au ГО m SL. -0.5 to 7.0 V MP Y-8HJ MP Y-8HJM 
Inputivoltage:.«. оо oye Creer ee тал жез PPS UTE a Ото 5.5 V MPY-8HJ-1 = 
Output уоһаде ................................ Ото 5.5 V MPY-12HJ MPY-12HJM 
Operating temperature range (Тсазе).............. -559С to 125°C MP Y-16HJ М 
Storage temperature гапде..................... -65°C to 150°C MPY-24HJ s 
Lead temperature (10 seconds} ,...................... 300°C 
ЈипсПопТетрегаште.............................. 175°C 


Recommended operating conditions 


COMMERCIAL MILITARY . 
MAX | UNIT 


[мах | мм | 
Supply voltage, Vc 
High-evel output current, lon || 
OL i 


= 


С 
Low4evel output current, | ШЕН 
Clock pulse width, tow (measured at 1.5 V level) | 25 | 
Input register setup time, © [see Figure 6) | 25 | 
Input register hold time, ty (see Figure 6) 


Operating temperature (T for commercial, Ts for military) 


ambient 


1 Clocks*, three-states— 
IL low level input current 


*NOTE: Clock P is two equivalent clock loads. 


Switching characteristics across Vcc and temperature ranges (except as otherwise noted) 


PARAMETER TEST CONDITIONS COMMERCIAL MILITARY UNIT 
эңе pom DR Ls ЕСЕ 


Three state output delay 
Output enable, tena. 
ТРИ <: РНОрИСТ5 
3 


Load 2 (see Figure 5) 
Output disable, 1015 


**NOTE: At МСС = 5.0 М, ТА = 25°C. 


бе rone 


— — —— ee — 


LSI MPY, HJ SERIES 
GENERAL INFORMATION 


ЭС AMBIENT 


gure 3. Typical Setup Time 


NORMAL LOAD 


IN3062 


Figure 5. Test Loads for Delay Measurements 


SOCKET INFORMATION 


Excel 800B-003-40 
Cambion 703-4040-01-04-12 
Robinson Nugent ICN-406-S5-G 
Textool 240-3346-00-0605 


Wire wrap 
Solder tail-tin plate 
Solder tail-gold plate 


Zero insertion force 


T RW Lsi РВОРИСТ5 
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Figure 4. Typical Three-State Delay, Output Delay 


THREE- 


О OUTPUT 


! ! 
25 50 
°c AMBIENT 


STATE DELAY LOAD 


Excel 800B-003-64 
Cambion 703-4064-01-04-12 
Robinson Nugent ICN-649-S5.G 


Textool 232-2601-00-0605 
(2 Required) 
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% Proprietary 


General Description 


These devices provide eight, two-input buffers in each 


package. All employ the newest low power-Schottky TTL 


” technology. One of the two inputs to each buffer is. 


used as a control line to gate the output into the high- 
impedance state, while the other input passes the data 
through the buffer. The 95 and 97 present true data 
at the outputs, while the 96 and 98 are inverting. On the 
95 and 96 versions, all eight TRI-STATE enable lines are 
common, with access through a 2-input NOR gate. On 
the 97 and 98 versions, four buffers are enabled from 
one common line, and the other four buffers are enabled 
from another common line. In all cases the outputs 
are placed in the TRI-STATE condition by applying a 
high logic level to the enable pins. These devices repre- 
sent octal, low power-Schottky versions of the very 
popular DM70/8095, 96, 97, and 98 TRI-STATE hex 
buffers. 


° Connection Diagrams 
52 ай ve Lu 


gre 


б А vi A Yv2 Аз үз А үа бмр 
71L897/81LS97(N) 


Truth Tables 


1595 
CUTPUT 
[à & А] v 


DM71/DMB1LS95.LS96 5971 598 


TRI-STATE Оста! Buffers 
Features 


® Octal versions of popular DM8095, 8096, 8097, 
8098 


® Typical-power dissipation 
LS95, LS97 
LS96, LS98 


® Typical propagation delay 
LS95, LS97 
LS96, LS98 


= Low power-Schottky, TRI-STATE technology 
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Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


CONDITIONS 


High Leve! Input Voltage 
Low Level Input Voltage 


High Level Output Voltage Мос = Mi Vw =2V | dons Max | 
| Ми = ОВУ Тон = 5 ТА N/A | 
ГЕЕВ [Г т т 
Мес = Min, Мн <2У 
Ма = 08V, lo, = Мах 


Low Level Output Voltage 
Off-State (High-Impedance Vec = Max, Мн 72V Vo *04V 
State) Output Current Ми = 0.8% 
Input Current at Maximum $ 
RS Vec = Max М, =7У 
Input Voltage A Е 


Low Level Input Current mm 
[бөл] КЕНЕН ГТЕГТТІ ШЕ EX: 
Short Сисий Output Current Vcc = Мах(2) —30 -60 -130 | -30 60 ~130 


Supply Current | бе | 16 2 | 
| Vec = Мах 
Notes 


(1) All typical values are at Усс = 5V, TA = 25°С. 
(2) Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


Switching Characteristics Усс = 5V, ТА = 25°C 


DM71LS/B1LS 
CONDITIONS 1595, 1597 1596, 1598 


MIN TYP MAX 
6 10 
13 17 


13 20 13 20 
: 19 27 18 27 


PARAMETER 


MIN TYP MAX 
Propagation Delay Time, 
Low-10-High Leve! Output 
Propagation Delay Time, 
High-to-Low Level Output ] С. = 15pF.R, =2к0 


UNITS 


: 


3.22 


intel 


d 279-5 A 
PROGRAMMABLE OARDIDISPLAY INTERFACE 


= MCS-85'" Compatible 8279-5 в Dual 8- or 16-Numerical Display 
в Simultaneous Keyboard Display ы А | 
Operations в Single 16-Character Display 
в Scanned Keyboard Mode в Right or Left Entry 16-Byte Display 
RAM 


в Scanned Sensor Mode 
u Strobed Input Entry Mode m Mode Programmable from CPU 
в 8-Character Keyboard FIFO 


в 2-Key Lockout or N-Key Rollover with 
Contact Debounce a Interrupt Output on Key Entry 


a Programmable Scan Timing 


The Intel® 8279 is a general purpose programmable keyboard and display ИО interface device designed for use “т 
Intel® microprocessors. The keyboard portion can provide a scanned interface to а 64-contact key matrix, 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effec: ang 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and Strobed = 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt одру 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular бізг» 
technologies. Both numeric and аірһапитегіс segment displays тау be used as well as simple indicators. The 82% 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Boe 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display Raw 
can be done with auto-increment of the display RAM address. 


P Ü di PIN CONFIGURATION LOGIC SYMBOL 


PIN NAMES 
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INTERFACE 


HARDWARE DESCRIPTION 
ne 8279 is packaged in a 40 pin DIP. The following is 
2 qunctional description of each pin. 


о 
pins Designation Function 
‘a UC P. 
~ 8 DBo-DB7 Bi-directional data bus. АП data 
C ACE L and commands between the 
у CPU and the 8279 are trans- 
mitted on these lines. 
1 CLK Clock from system used to gen- 
| Display erate internal timing. 
1 RESET A high signal on this pin resets 
isplay the 8279. After being reset the 
8279 is placed in the following 
mode: 
Byte Display 1) 16 B-bit character display 
% — left entry. 
| 2) Encoded scan keyboard—2 
| key lockout. 
rom CPU i Along with this the program 
r i clock prescaler is set to 31. 
iming i 1 CS ' Chip Select. A low on this pin 
i enables the interface functions 
ey Entry | to receive or transmit. 
1 Ao Buffer Address. A high on this 
e designed for use with line indicates the signals in or 
lontact key matrix. The i out are interpreted as a com- 
ch as the hall effect ane mand or status. A low indicates 
Pbounced and strobed in қақап that they are data. 
set the interrupt output 2 RD, WR Input/Output read and write. 
These signals enable the data 
; buffers to either send data to 
егор on the external bus or receive it 
iple apache Цу th from the external bus. | 
ogated by | 1 IRQ Interrupt Request. In a keyboard 


rite of the display RAM mode, the interrupt line is high 


when there is data in the FIFO/ 

Sensor RAM. The interrupt line 

goes low with each FIFO/ 

Sensor RAM read and returns 

high if there is still informa- 
MBO tion in the RAM. In a sensor 
жес mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 


Ground and power supply pins. 


Scan Lines which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en- 
в coded (1 of 16) or decoded (1 of 
) 4). 

Return line inputs which аге 
connected to the scan lines 
| through the keys or sensor 
| switches. They have active т- 
terna! pullups to keep them 
high until a switch closure pulls 


- KEY DATA 4 


8 RLo-RL7 


PA ea one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 


8279/8279-5 


1 SHIFT The shift input status is stored 
along with the key position on 
key closure in the Scanned 

» Of 
Pins Designation Function 


Keyboard modes. It has an 
active internal pullup to keep it 
high until a switch closure pulls 
it low. 


1 CNTL/STB For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 


FIFO in the Strobed Input mode. 


(Rising Edge). It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low. 


қ 4 OUT Ao-OUT Аз These two ports are the outputs 
4 OUT Bo-OUT Вз for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SLo-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 


Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


PRINCIPLES OF OPERATION 


The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 


ИО Control and Data Buffers 


The МО control section uses the CS, Ао, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through.the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR «CS and output during 
RD • 65. 


Control апа Timing Registers and Timing Control 
These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
Command on the data lines with Ао = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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FUNCTIONAL DESCRIPTION 


The commai 


• Scanned Sensor Matrix — with encoded (B x 8 Matrix 
switches) or decoded (4x8 matrix switches) scan lines 


Since data input and Bisplay are an integral part of many 
Key status (open or closed) stored in RAM addressable 


microprocessor designs, the system designer needs an 
interface that can contro! these functions without placing 


43 a large load on the CPU. The 8279 provides this function by CPU. 
A it mi 2 | n, ri 
i for 8-bit microprocessors. • Strobed Input — Data on return lines during contro M ome 
$, The 8279 has two sections: keyboard and display. The line strobe is transferred to FIFO. sca 

Scan Counte 


keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of Output Modes 
• Bor 16 character multiplexed displays that can be or. 


Tne scan coun 
те counter 
externally dec 


р indicator lights. Thus the CPU is relieved from scanning 
* the keyboard or refreshing the display. ganized as dual 4-bit or single 8-bit (Во = Do, A3 Dj aard вла 
о 
The 8279 is designed to directly connect to the • Right entry or left entry display formats. ы тег decode 
secoded 1 0f 4 


secoded scan, 


microprocessor bus. The CPU can program all operating | | 
Other features of the 8279 include: 
«rst 4 character 


modes for the 8279. These modes include: 
e Mode programming from the CPU. 


* Clock Prescaler 


• Scanned Keyboard — with encoded (8 x 8 key e interrupt output to signal CPU when there is keyboarg 
keyboard) or decoded (4 x 8 key keyboard) scan lines. or sensor data available. 
A key depression generates a 6-bit encoding of key Р қ 
position. Position and shift and control! status are • An 8 byte FIFO to store keyboard шысы 
stored in the FIFO. Keys are automatically debounced e 16 byte internal Display RAM for display refresh. Th „га Control 
with 2-key lockout or N-key rollover. RAM can also be read by the CPU. | БН ишш 
wowing for key 
: ¿cuit detects а 
aeck if the switc 
4 гб tne switch in t 
CONTROL are tr 
| censor Matrix т 


Input Modes 
wow outputs. 


Return Buffers 


сік RESET 080-7 Rb WR C$ А 


' та 
| 


mo 
EJ E ed 
FiFO/Sensor НА 
`+ $ blOCk iS а ди 
"ред Input mot 
enten into succes 
ead in order of e 


INTERNAL - DATA BUS (8) 7 
7 rember of characte 


shen the FIFO is n 
"обе. the memory 
Sensor RAM is load 
тә row of sensor in 
son if a change т; 


| Display Address Б 
“se Display Addres 


DISPLAY 


sis 


ADDRESS 
REGISTERS 


” 
А 


2 каља RAM can Бе 
“rect mode and adi 
бы B nibbles аге г 
а data entry byt 
етед independenti 
5” that is set by thy 

; 7 set to either le 

1 -"3'derations for d 


| TIMING 
A CONTROL | +79 currently being 
‘wc 4-bit nibbles 
БЕЗГЕ [sene] (| fe | «себе are progra 
|| ‚ робе set to auto ind 


OUTAg3 OUT Воз 55 
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che an lines. 
nA SSable 


s during controi 
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Во = Do, Аз= Dy). 
ats. 


there is keyboard 


ormation. 
play refresh. This 


| SHIFT 


7 CNTL/STB 
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The command is then decoded and the appropriate 
function is set. The timing contro! contains the basic 
timing counter chain. The first counter isa = N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
а 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key Scan, row scan, keyboard matrix scan, and display 
scan times. 


Scan Counter 


The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. іп the decoded mode, the scan 
counter decodes the least significant 2 bits and provides а 
gecoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
arst 4 characters in the Display RAM are displayed. 


In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
iow outputs. ' 


Return Buffers and Keyboard Debounce 

snd Control 

The B return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
ipoking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 


This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
№ high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
‘wo 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
сап be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
*orrect mode and address is set. The addresses for the A 
ind B nibbles are automatically updated by the 8279 to 
“atch data entry by the CPU. The A and B nibbles can be 
*ntered independently or as one word, according to the 
"оде that is set by the CPU. Data entry to the display can 
A set to either left or right entry. See Interface 
-onsiderations for details. 
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SOFTWARE OPERATION 


8279 commands 


The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR. 


Keyboard/Display Mode Set 
MSB LSB 


Where DD is the Display Mode and KKK is the Keyboard 
Mode. 


Code: 


B 8-bit character display — Left entry 


0 

1 16 8-bit character display — Left entry’ 
0 88-bit character display — Right entry 
1 


16 8-bit character display — Right entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


KKK 

000 Encoded Scan Keyboard — 2 Key Lockout* 
0.0 1 Decoded Scan Keyboard — 2-Key Lockout 
0 1 0 Encoded Scan Keyboard — N-Key Rollover 
0 1 1  Decoded Scan Keyboard — N-Key Rollover 
1.0 0 Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 0  Strobed Input, Encoded Display Scan 

1 1 1 Зігоред Input, Decoded Display Scan 


Program Clock 


Code: | ојојт]Р]Р] РЈ Р |e] 


All timing and multiplexing signals for the 8279 аге 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 


Read FiFO/Sensor RAM 


Code: | о| 1]o| u[x[a[a]a] Xz Don't Care 


The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 


“Default after reset. 


00742A 


board Mode, the Auto-Increment flag (Al) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati- 
cally drive the data bus for each subsequent read (Аџ= 0) 


` in the same sequence іп which the data first entered the 


FIFO. АП subsequent reads will be from the FIFO until 
another command is issued. 


In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the AI flag 
is set (А! = 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 


Read Display RAM 


code: [о Га а [a [А [АЈ 


The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the А! 
flag is set (А! = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. = 


Write Display RAM 


сове: [чо [о [А [А] ААА 


The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com- 
mand with Ао= 1, all subsequent writes with Ap 0 will 
be to the Display RAM. The addressing and Auto- 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 


Display Write Inhibit/Blanking 


A B A B 
соде (1To[1]x[w [м | ви | BU 


The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit Во corresponds 
to bit Dp on the CPU bus, and that bit Аз corresponds to 
bit 07. 


If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a “blank.” This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 
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Clear 


code: [1 [1 [ее [е | сој се [са | 


The Ср bits are available in this command to clear ај 
rows of the Display RAM to a selectable blanking code 
as follows: 

Ср Ср Ср 


0 X АН Zeros (X = Don't Care) 
AB = Hex 20 (0010 0000) 
1 All Ones 


Enable clear display when = 1 (or by СА = 1) 
During the time the Display RAM is being cleared (~160 ys), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis- 
play RAM becomes available again, it automatically 
resets. - 


- ~ 
о 


If the Ce bit is asserted (Cp 1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row 0. 


Ca, the Clear АП bit, has the combined effect of Cp and 
Cr; it uses the Cp clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 


End Interrupt/Error Mode Set 


Code: Ех ххх] X = Don't care. 


For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 


For the N-key rollover mode — if the E bitis programmed 
to "1" the chip will operate in the specia! Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
increment Над is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Data Write 


Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 


Scanned Keyboard Mode, 2-Key Lockout 


There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no rnatter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
Cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 


Scanned Keyboard Mode, N-Key Rollover 


With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. ; 


Scanned Keyboard — Special Error Modes 


For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this is 
Considered a simultaneous multiple depression, and sets 
an error Пад. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yetset). Theerror flag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
СЕ = 1. 


Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. А keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ lineis 
cleared by the first data read operation if the Auto- 
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Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 


Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0) may cause multiple interrupts. (SLo =0 in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 


Data Format 


In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard pius the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 


MSB LSB 


SCANNED KEYBOARD DATA FORMAT 


In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to thereturn lines and scanned by 
the 8279. 


MSB (58 
ro [eT [ren 


In Strobed input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 


MSB (58 


Display 
Left Entry 


Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 


PERIPHERALS] 
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10010101 


о 1 14 154— Display 0123 4 5 6 7«—Display | En 
bc zn RAM RAM 
E RS mU Address и Address 8/1 
= It 
от: 45 01234567 d 
for 
ог. - 01234567 
| 


о 1 14 15 Enter next at Location 5 Auto Increment 


17th entry [v]e]. 15] 01234567 | and 
0 1 
gogi 


3 
3 


_ [she] 01234567 full A 


18th entry 
trie: 
LEFT ENTRY MODE Ath entr Ф 
(AUTO INCREMENT) ec ја | | је | К 
LEFT ENTRY MODE ! Di Е 
Right Entry (AUTO INCREMENT) СК 
: А : e 
Right entry is the method used by most electronic In the Right Entry mode, Auto Incrementing and non а 
calculators. The first entry is placed in the right most Incrementing have the same effect as in the Left Entry 
display character. The next entry is also placed in theright except if the address sequence is interrupted: 
most character after the display is shifted left one | 
character. The left most character is shifted off the end 1234 5 6 7 O0-«-Display 
ыы sew [T] TT TT) + 
Address 
12 14 15 0- Display 23456701 
Әне ч RAM 
шим [TIT ПО, жа entry 
EE шыгы JR Ub 23456701 | АРР 
== [TT [Г] oes [ТТТ 
im к 10010101 
ЗЕ алатауы 0 13 2 Enter next at Location 5 Auto Increment 
IT 34567012 
0 1 13 14 15 
16th entry ІШЕ! | 14 |15 [16 | 
Hi Dm 45670123 
| Ж ЖИНИНЕ 12: жету С ИГТ] | 
| 
Шан зи Bee — [151617 RIGHT ENTRY MODE 
(AUTO INCREMENT) 
2.3 15 0 1 © | 
ыб ыды tarti rbitrar ation ra n below: 
ilb en [161718] | arting at an arbitrary location operates as shown below i 
MM 0123 4 5 6 7-0 
RIGHT ENTRY MODE Ё оста 
(AUTO INCREMENT) Command ТЕ 
10010101 Address | 
Note that now the display position and register address do Enter next at Location 5 Auto Increment | 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 12345670 
unexpected results. Entry starting at Display RAM address Я i 
0 with sequential entry is recommended. езу s | 
LI 
| Auto Increment 2 3 4 5 6 7 O 1 
> In the Left Entry mode, Auto incrementing causes the 2nd entry 
| address where the CPU will next write to бе incremented 
% by опе and the character appears in the next location. 8th entry [а [5 [6 | 7 [8 |! |2 |3] 
4 With non-Auto Incrementing the entry is both to the same | 


RAM address and display position. Entry to an arbitrary у [5 [6 [2 [= [912 [ [4] | 


| address in the Auto increment mode has no undesirable 


side effects and the result is predictable: RIGHT ENTRY MODE 
(AUTO INCREMENT) 
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Entry appears to be from the initial entry point. 


B/16 Character Display Formats 


If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz interna! frequency). 


G. FIFO Status 


FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 


The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display ог 
Clear All command had not completed its clearing 
Operation. 


APPLICATIONS 


зет 

MICRO- DATA 
PROCESSOR BUS 
SYSTEM 


ADDRESS 
BUS 


CLOCK 


In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indica- 
tion is contained in the Sensor RAM. 


in Special Error Mode the S/E bit is showing the error 
flag and serves as an indication to whether a simultane- 
ous multiple closure error has occurred. 


. 


FIFO STATUS WORD 
FIFO Full 


Number of 
characters in FIFO 


Error-Underrun 

Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 

Display unavailable 


KEYBOARD 
MATRIX 


ADDRESSES 
(DECODED) 


DISPLAY 


*Do not drive the keyboard decoder with the MSB of the scan lines. 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under "Abso- 
4 5 5 lute Maximum Ratings" may cause permanent damage 
Ambient Temperature .............. о Сто 70 C to the device. This is a stress rating only and functional 
Storage Temperature ...,......... -65°С to 125°C operation of the device at these or any other conditions 
Voltage on any Pin with: :' above those indicated in the operational sections of this 
Respect to Ground .............. -0.5V to *7V specification is not implied. Exposure to absolute maxi- 
Power Dissipation .................... , .1 Watt mum rating conditions for extended periods may affect 


device reliability. 


D.C. CHARACTERISTICS 
ТА = 0*C to 70°C, Vss 20V, Мос=  5V %5%, Мос= + 5У + 10% (8279-5) 


Миз Input Low Voltage for M 
Return Lines 
ViL2 Input Low Voltage for All Others [5 | ов | v | 
Мина Input High Voltage for ы 
Return Lines 
М\н2 Input High Voltage for АН Others (eo | __|-> | 
Vo. | Output Low Voltage г | оз | v | №! 
Von Output High Voltage on Interrupt ЖАРТЫ Note 2 
Line 
ТЕ Input Current on Shift, Control and +10 НА Vin = Усс 
Return Lines -100 НА Vin = OV 
hie Input Leakage Current on All Others | | +10 Vin = Vcc to OV 
lorL Output Float Leakage [ [ose | ва | Vout = Vcc to ОМ 


Notes: 
8279, Ig, = 1.6mA; 8279-5, lp, = 2.2mA. 
8279, Юн = -1004A; 8279-5, Іон = -400рА. 


CAPACITANCE 


Input Capacitance 


Output Capacitance 
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A.C. CHARACTERISTICS i 
ТА = 0°C 10 70°C, Vss = OV, (Note 1) 


Bus Parameters 


Read Cycle: 


Data Delay from READ 
Address to Data Valid 


READ to Data Floating 
Read Cycle Time 


Address Stable Before WRITE | s ____| 
Address Hold Time for WRITE | ww. | 
WRITE Pata We oo 


tap!2) 


Write Cycle: 


Data Set Up Time for WRITE 
Data Hold Time for WRITE 
Write Cycle Time 


Notes: 


1. 8279, Voc = +5У 25%; 8279-5, МСС = *5V 210%. : | 
2 8279, Сү = 100pF; 8279-5, Сү = 150pF. 


2 
Other Timings: “3 
Clock Pulse Width 
Clock Period т 
| 
Keyboard Scan Time: 5.1 msec Digit-on Time: 480 psec | 
Keyboard Debounce Time: 10.3 msec Blanking Time: 160 usec 
Key Scan Time: 80 usec Internal Clock Cycle: 10 usec 
Display Scan Time: 10.3 msec 
Input Waveforms For A.C. Tests 
„7 
ma 
, ж, 
“ 
4 
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058861 MOS-to-LED 5-segment driver 
OS-to-LED 8-digit driver 


| DS8963 MOS-to-LED 8-digit driver е 
general description features 
The DS8861, DS8863 and DS8963 are designed = 50 тА source or sink capability 
to be used in conjunction with MOS integrated per driver, DS8861 


circuits and common-cathode LED's in serially · 
addressed multi-digit displays. 


596854 ‘598854 ‘198854 


® 500 mA sink capability 
per driver, 058863, 058963” 


The DS8861 is а 5-segment driver capable of 
sinking or sourcing up to 50 mA from each driver. 


= MOS compatibility (low input current) { 
The 058863 is an 8-digit driver. Each driver is 392% 
capable of sinking up to 500 mA. 


^e mnene 


= Low standby power’ 


The DS8963 is identical to the DS8863 except 
it is intended for operation at up to 18V. = High gain Darlington circuits 


me ме 


schematic and connection diagrams 


DS8861 DS8863/DS8963 
t 


ашаа) 1487012 4 м 
2260 11.12 15 1 
LI 


461213, 18) 
^ 


азаа, ма» 
t 


Order Numbers 058861М, DS8863N or 058963М 
See NS Package N18A 
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058963 


058863 


058861, 
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absolute maximum ratings 
4 M um e um 


e. ê. 
21 е 4 


058861 _ 058863 ' 058963 ` 
© Input Voltage Range (Note 1} -5V 10 Vss 50 -5V 10 Vss » —5V 10 Vss 
Collector (Output) VottageHNote 2) 10V 10V . 18V 
‚„ Collector {Ourput)-to-Input Voltage том 10V 18V 
* Emitter-to-Ground Voltage (V, > 5У) гг, IOV gv E Mans C st ER 
Emitter-to-Input Voltage ^ 5V А . 
Voltage at Vss Terminal With Respect to T Р E 
Any Other Device Terminal -53 2 M 10X. + d i 
Collector (Output) Current 3 POI US ~ 
Each СоНес1ог (Output) 50 mA 500 mA 500 mA 
АН Coliectors (Output) ; . 200 mA 600 mA 600 mA 
* Continuous Total Dissipation i 800 mW 800 mW 3 800 mw 
Operating Temperature Range 0°C to +70°C 0°С to +70°С 0°C to +70°C 
Storage Temperature Range -65°C to +150°C —65°С то +150°С -65°С to +150°С 
Lead Temperature (Soldering, 10 sec) 300°C 300°C . 300°C 


electrical characteristics 


058861 (Vss = 10V, T4 = ОС to +70°C unless otherwise noted) 


PARAMETER 


Veeon “ON” State Collector Emitter Voltage Input = ВУ through 1 КО, Vc = SV, 
іс = 50 тА 


сокЕ “OFF” State Collector Current 


PARAMETER . 


Vo. Low Leve! Output Voltage 


lon High Level Output Current 


Input Current at Maximum input Voitage 


Current Into Vss Terminal 


155 
* 18V for the 058963 

switching characteristics 
058861 (Vss = 7.5V, Ta = 25" C) 


PARAMETER 
Propagation Delay Time, Low-to-High Level Output (Collector) 


Vin = 45V, Ve =0 NI 
А, - 2000, C, = 15 pF 


toy 


tput Propagation Delay Time, High-to-Low Level Output (Collector) 


DS8863/DS8963 (Vss = 7.5У, ТА = 25°С) 


[  cowpmovs — [| мм | | мах | 
ея, БЕН ЕСЕ БЕН 
ЕСЕСІ о | 


Note 1: The input is the only device terminal which may be negative with respect to ground. 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 


PARAMETER 


tein Propagation Delay Time, Low-to-High Level Output 


tent 


Propagation Delay Time, High-to-Low Level Output 
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У ДЕ QUAD BUS TRANSCEIVER 


(OPEN COLLECTOR) 


8T38-B,F 
% DIGITAL 8T SERIES INTERFACE TTL/MSI 


^ 
a ——— 
ых 
PIG C. IL. 


DESCRIPTION PIN CONFIGURATION (Top View) 


The 8T38 is a quad bus transceiver with a common two 
input disable control for the drivers. Open collector driver B,F PACKAGE 
outputs together with low input requirements for the 

o receivers offer extreme versatility in low cost bus organized 
systems. 


1 
{ 


Busses тау be terminated at both ends such that up to 100 
driver/receiver pairs can utilize a common data bus. The 
receiver incorporates hysteresis to provide maximum noise 
immunity. In addition the receiver does not load the bus 
when Vcc = 0. 


in those applications where only bus receivers аге required 
the 87380 quad bus receiver or the 8T37 hex bus receiver 
should be considered. 


FEATURES 


* RECEIVER HYSTERESIS — 1V TYPICAL 
* RECEIVER NOISE IMMUNITY — 2V 


€ RECEIVER INPUT CURRENT — 20uA TYPICAL 
(FOR NORMAL Vcc AND Усс = OV) Б TRUTH TABLE 


• RECEIVER 
SINK — 16mA AT 0.4У 
SOURCE - 5.2mA AT 2.4У RECEIVER 


* DRIVER 
SINK — 50mA AT 0.7V 


DRIVERS HAVE OPEN COLLECTOR OUTPUTS 
DRIVES 10052 TERMINATED BUSSES 

7400 SERIES COMPATIBLE 

PIN COMPATIBLE WITH DM8838 


AC ELECTRICAL CHARACTERISTICS (TA = +25°C, Усс = 5.0V) 


Disable to Bus Load 2 


^ Vin = ОМ to 3V 
Disable to Bus Measured from Vin = 1.5V 
to Vbus = 1.5V 
Driver to Bus 
Driver to Bus 
Bus to Receiver 


Load 1 Waveform 1 
Bus to Receiver 


SIGNETICS QUAD BUS TRANSCEIVER = 8138 
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DC ELECTRICAL CHARACTERISTICS (Over Recommended Voltage and Temperature Range) 


PARAMETER TEST CONDITIONS MIN TYP | МАХ | UNIT 
VOH ^1" Output Voltage , 
Receiver со lout = -4004A Vcc = Min. 2.4 V 
VOL “0” Output Voltage . 
Bus Driver lout = 50mA Vcc = Min. 07 У 
Receiver lout = 16mA Vcc = Min. 0.25 0.4 V 
VIH "1" Input Voltage 
Disable Усс = Min. 2.0 У 
Driver Vcc = Min. 2.0 V 
VIL “0” Input Voltage 
Disable Vcc = Min. 0.8 V 
Driver Усс = Min. 0.8 У 
ИН ^1" Input Current ; 
Disable & Driver Vin = 2.4V Vcc = Max. 50 ША 
B Power ON Vin = 4.0V Vcc = Max. 20 ' 100 ЦА 
P Power OFF Vin = 4.0V Усс-9 2 100 ША 
Hie “0” input Current Driver | Vin = 0.4V Vcc = Max. -1.6 mA 
VT+ High Receiver Threshold Vcc = Min. 1.80 2.25 2.50 V 
VT- Low Receiver Threshold Vcc = Max. 1.05 1.30 1.55 V 
Vimax Max Input Voltage 
All Inputs lin & 1mA 5.5 V 
VICL Input Clamp Voltage 
All Inputs lin = -12mA Vcc = Min. -1.0 -1.5 V 
los Output Short Circuit 
Current; Receiver Vout = 0 Vcc = Max. -18 -33 -55 mA 
lec Power Dissipation/ Disable = OV, М 210 315 mW 
Supply Current Driver = 2.0V Vcc = Мах. 40 60 mA 


SWITCHING PARAMETER MEASUREMENT INFORMATION 


WAVEFORM 1 


LOAD CIRCUITS 


Voc 


Ry = 3900. 


FROM OUTPUT 


TEST 
FROM OUTPUT TEST 
UNDER TEST "ras POINT UNDER TEST POINT 
1 CL» 15pF = | = 


LOAD 1 


п 


DESCRIPTIO 
The 8T363 Dual 
cuit incorporati 
gate output. The 
and employs te 
thresholds. The 
patible with DTL 


APPLICATIO 
ZERO-CROSSI 
HIGH STABILI 
BI-DIRECTIONA 
FREQUENCY DO 
STABLE-LOW FR 
LINEAR AMPLIF 
FREQUENCY TO 


ABSOLUTE M 
Input Voltage 
Outpst Voltage 
Nec 

Input Current 
Output Current 
Storage Тетрегатш 
Operating Temper. 
ve 

Maximum ratings are 


be impaired. 


CIRCUIT SCHE 


FIT 
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96LS02 


u 96LS02 
DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR 


DESCRIPTION — The 96502 and 96LS02 аге dual retriggerable and reset- 
table monostable multivibrators. These one-shots provide exceptionally wide 
delay range, pulse width stability, predictable accuracy and immunity to 
noise. The pulse width is set by an external resistor and capacitor. Resistor 
values up to 1.0 МО for the 96LS02 and 2.0 МО for the 96502 reduce required 
capacitor values. Hysteresis is provided on both trigger inputs of the 96: 502 
and on the positive trigger input of the 96S02 for increased noise immunity. 


* REQUIRED TIMING CAPACITANCE REDUCED BY FACTORS 
OF 10 TO 100 OVER CONVENTIONAL DESIGNS 

è BROAD TIMING RESISTOR RANGE — 1.0 КО to 2.0 MO 

* OUTPUT PULSE WIDTH IS VARIABLE OVER А 2000:1 RANGE 

BY RESISTOR CONTROL 

PROPAGATION DELAY OF 35 ns 961.502, 12 ns 96502 

0.3 V HYSTERESIS ON TRIGGER INPUTS 

OUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE 

35 ns TO » OUTPUT PULSE WIDTH RANGE 


ORDERING CODE: See Section 9 


pin | COMMERCIAL GRADE MILITARY GRADE 
OUT) rA-Q0*Cto470?C | Ta=-55°C to +125°C| ТҮРЕ 


Vcc = +5.0 V +5%, Vcc = +5.0 V +10%, 


U 
јеси: [o p 
e ene eee [Сө] 


INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 


96S (U.L.) 
DESCRIPTION HIGH/LOW 


Trigger Input (Active Falling Edge) 0.5/0.625 
Schmitt Trigger Input (Active Falling Edge) 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


Flatpak 
(P 


PIN NAMES 


h Schmitt Trigger Input (Active Rising Edge) 0.5/0.625 
Ср Direct Clear Input (Active LOW) 0.5/0.625 
Q True Pulse Output 25/12.5 
Q Complementary Pulse Output 25/12.5 


CONNECTION DIAGRAM 
PINOUT A 


LOGIC SYMBOL 


7% 


Vcc = Pin 16 
GND = Pin 8 


9615 (U.L.) 
HIGH/LOW 


0.5/0.25 
0.5/0.25 
0.5/0.25 
10/5.0 
(2.5) 
10/5.0 
(2.5) 


SYMBOL 


LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION — The 96502 and 96LS02 dual retriggerable resettable monostable multivibra- 
tors have two dc coupled trigger inputs per function, one active LOW (lp and one active HIGH (11). The h input of 
both circuit types and the lo input of the 961502 utilize an internal Schmitt trigger with hysteresis of 0.3 V to 
provide increased noise immunity. The use of active HIGH and LOW inputs allows either rising or falling edge 
triggering and optional non-retriggerable operation. The inputs are dc coupled making triggering independent 
of input transition times. When input conditions for triggering are met the Q output goes HIGH and the external 
capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing 
cycle will retrigger the circuit and result in Q remaining HIGH. The output pulse may be terminated (Q to the 
LOW state) at any time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the О 
output to To or the Q output to 11. Differential sensing techniques are used to obtain excellent stability over 
temperature and power supply variations and a feedback Darlington capacitor discharge circuit minimizes 
pulse width variation from unit to unit. Schottky TTL output stages provide high switching speeds and output 
compatibility with all TTL logic families. 


Operation Notes 
TIMING 

. An external resistor (Rx) and an external capacitor (Cx) are required as shown in the Logic Diagram. The 
value of Rx may vary from 1.0 КО to 1.0 МО (961.502) or 2.0 МО (96502). 

. The value of Cx may vary from 0 to any necessary value available. If, however, the capacitor has significant 
leakage relative to Vcc/Rx the timing equations may not represent the pulse width obtained. 

‚ Polarized capacitors may be used directly. The (+) terminal of a polarized capacitor is connected to pin 1 
(15), the (-) terminal to pin 2 (14) and Rx. Pin 1 (15) will remain positive with respect to pin 2 (14) during the 
timing cycle. In the 96502, however, during quiescent (non-triggered) conditions, pin 1 (15) may go negative 
with respect to pin 2 (14) depending on values of Rx and Vcc. For values of Rx 2 10 КО the maximum amount 
of capacitor reverse polarity, pin 1 (15) negative with respect to pin 2 (14) is 500 mV. Most tantalum electro- 
lytic capacitors are rated for safe reverse bias operation up to 596 of their working forward voltage rating; 
therefore, capacitors having a rating of 10 WVdc or higher should be used with the 96502 when Rx = 10 КО. 

. The output pulse width tw for Rx 2 10 КО and Cx = 1000 pF is determined as follows: 

(96502) tw = 0.55 RxCx 
(96LS02) tw = 0.43 RxCx 
Where Rx is in КО, Cx is in pF, t is in ns or Rx is in КО, Cx is in uF, t is in ms. 

. The output pulse width for Rx < 10 КО or Cx « 1000 pF should be determined from pulse width versus Cx or 
Rx graphs. 

. To obtain variable pulse width by remote trimming, the following circuit is recommended: 


1.0 k() 


PIN 2 (14) эуе --------------- 
№. 


= AS CLOSE AS POSSIBLE 


PIN 1 (15)O | TO DEVICE 
У 


Rx -1.5 кі! 
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Operation Notes (Cont'd) 
7. Under any operating condition, Cx and Rx (Min) must be kept as close to the circuit as possible to minimize 


stray capacitance and reduce noise pickup. 
8. Vcc and ground wiring should conform to good high frequency standards so that switching transients on 


Vcc and ground leads do not cause interaction between one shots. Use of a 0.01 uF to 0.1 uF bypass capaci- 
tor between Vcc and ground located near the circuit is recommended. 2 odi 


TRIGGERING Е 
1. The minimum negative pulse width into lo is 8.0 ns; the minimum positive pulse width into || is 12 ns. 


2. Input signals to the 96502 exhibiting slow or noisy transitions should use the positive trigger input 1 which 
contains a Schmitt trigger. Input signals to the 96LS02 exhibiting slow or noisy transitions can use either 


trigger as both are Schmitt triggers. 
3. When non-retriggerable operation is required, i.e., when inputtriggers areto beignored during quasi-stable 


state, input latching is used to inhibit retriggering. 


Serr 


225 


| NEGATIVE EDGE TRIGGER POSITIVE EDGE TRIGGER 


: . An overriding active LOW level direct clear is provided on each multivibrator. By applying a LOW to the clear, 
Ж any timing cycle can be terminated or апу new cycle inhibited until the LOW reset input is removed. Trigger 
Г inputs will not produce spikes іп the output when the reset is held LOW. A LOW-to-HIGH transition on Cp 
Е will not trigger the 96502 ог 961502. If the Cp input goes HIGH coincident with а trigger transition, the circuit 
£ will respond to the trigger. 
| TRIGGERING TRUTH TABLE 
4 РІМ NO'S. 
3 ент 400 за) OPERATION 
Trigger 
| Trigger 
5 Reset 
t H = HIGH Voltage Level 2 Мн ` 
К L = LOW Voltage Level < Vit 
| X = Immaterial (either H ог |) 
Е HL = HIGH to LOW Voltage Level transition 
4 Се Н = LOW to HIGH Voltage Level transition 
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ible to minimize 
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er input 11 which 
s can use either 


ing quasi-stable 


OUTPUT | | 


-OW to the clear, 
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transition on Co 
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TYPICAL CHARACTERISTICS 


OUTPUT tw vs Rx and Cx 


Rx — TIMING RESISTOR — kt! 


4 6810 а 68102 2 4 68103 


tw — OUTPUT PULSE WIDTH — из 


To DELAY TIME vs TA 


tpp — DELAY io TO OUTPUTS — ns 


ТА — AMBIENT TEMPERATURE — °C 


NORMALIZED Atw vs ТА 


= 10 ко 
= 1000 рЕ 


41. — NORMALIZED PULSE WIDTH VARIATION — % 


ТА — AMBIENT TEMPERATURE — °C 


96502 
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tep — DELAY | TO OUTPUTS — ns 


te — POSITIVE OUTPUT PULSE WIDTH — ns 


POSITIVE OUTPUT PULSE WIDTH — ns 


h DELAY TIME vs TA 


Усс = 5.0 У 


| ү | | | | 


{рн TRUE LE (Q) 


ТА — AMBIENT TEMPERATURE — °С | | 


OUTPUT tw vs TA | | 


TA — AMBIENT TEMPERATURE — °С 


PULSE WIDTH vs RxCx 


TIMING CAPACITOR Cx — pF 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL . PARAMETER | 9s | 965 
ЕС 


UNITS CONDITIONS 


Positive-going Threshold 


ХР Voltage, To, іч (961502) 14 (96502) бы 
Negative-going 
Ут- Threshold Voltage Vcc = 5.0 V 


Vec = Min, Vin = Мн ог Vit 
‚ Юн = -400 uA (1502) 
Іон = -1.0 mA (502) 


"мес = Min, Vin = Мін or Vit 


хм | са Гоз 

To, 11 (961502) 11 (96502) 0.8 0.8 

VoH Output HIGH Voltage ды 2 

VoL Output LOW Voltage E ШЕ. 
XC 


Vin = 10 V CLS02) 
Vin = 0.4 V, Усс = Мах 


liL Input LOW Current 


los Output Short Circuit Current -40 -100 
їсс Power Supply Current 


100 ns INPUT PULSE 
f = 100 kHz 
Amp = 3.0 У 
Width « 100 ns 
t=t<5ns 


Capacitor Voltage 0 3.0 Вх = 1.0 kN E 
Vcx Pin 1 (15) Referenced 5 30| 0 30 Rx = > 10 kn eo, s 5. ү 
to Pin 2 (14) Ё i 0 3.0 Ах > 1.0 МО ` 
pA Vin = 2.7 V Mec 
ІН Input HIGH Current HA Vin = 5.5 V (502) Мах 


Voc = Max, Vout = ОМ 


> 


3 
> 


Vin = Open, Vcc = Мах 


3 
» 
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AC CHARACTERISTICS: Vcc = +5.0 V, TA = +25°C (See Section 3 for waveforms and load configurations) 


С, = 15 pF | С! = 15 pF} UNITS 


SYMBOL PARAMETER 


В |= 
tPHL 


tw (L) To Pulse Width LOW 
tw (H) 1 Pulse Width HIGH _ 
tw (L) Cp Pulse Width LOW 7.0 


tw (H) Minimum Q Pulse Width HIGH 


tw Q Pulse Width 


из 
Rx Timing Resistor Range* 1.0 2000| 10 1000 ко 
% 


Change in О Pulse Width | X 
over Temperature 


х 
8% 


о 
со 


Change in Q Pulse Width 


% 
over Vcc Range 


1.5 


“Applies only over commercial Vcc and Ta range for 96502. 


CONDITIONS 


Fig. а: 


Rx = 1.0 КО, Cx = 10 pF 
including jig and stray 


Rx = 10 ко, Cx = 1000 pF 


TA = -55°C to +125°С, 
Vcc = 4.5 Уфо 5.5 У 


Rx = 10 КО, Cx = 1000 pF 


ТА = 25°C, Voc = 4.75 V to 
5.25 V, Rx = 10 КО, 

Cx = 1000 pF 

ТА = 25°C, Vcc = 4.5 V to 
5.5 V, Rx = 10 КО, 

Cx = 1000 pF 


addresses (or 
applied addre 
refresh count 
refresh may b 
suitable for us 
operates from 
a 0°С to +75° 


* SIMPLIFIES 
* REDUCES 
* DRIVES HI 
* USE FORD 
* STANDARD 


Ceramic 
DIP (D) 


Flatpak 
(F) 


INPUT LOADIN! 
PIN NAMES 


Ао — As 
Аб — A11 
CP 
RE 
RS 
20 
Oo — O5 


жай, 


TH 


Bees 


cw E212 


Sh m је даје. | 


Performance Curves NZF 
See Page 4-49 


N- CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS | 


FOR GENERAL-PURPOSE AMPLIFIER APPLICATIONS 


This series of epoxy-encapsulated FETs is characterized for 
low and medium frequency small-signal amplifier applica- 
tions which require high transconductance and low input 
capacitance. 


€ Typical transconductance gg, = 10,000 umho 
(E211 and E212) 
€ Typical input capacitance С, = 5 pF 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation 

(25°C Free-Air Temperature) . 
Power Derating (to * 125? C) 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature 

(1/16" from case for 10 seconds) 


ed 0019 (487 гуд 
4 0016 Гайс) 2 


SEATING PLANE 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS! 


TO-106 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


1655 Gate Reverse Current (Note 1) 
umm Gate-Source Cutoff Voltage 
BVGss  Gate-Source Breakdown Voltage 


Common-Source Forward 
Transconductance (Note 2) 


Common-Source Output 

Conductance 

Common Source Input 
iss Capacitance 


Common-Source Reverse 
Transfer Capacitance 


Equivalent Short-Circuit Input 
Noise Voltage 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 2 ms. 


БЕКЕКІЛ 


a EIER 
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Vps = 15 У, Vas = 0 
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Specifications and Applications 
Information 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
Capacitive Address select inputs for NMOS Memories. It is also useful 
_ numerous applications requiring a high-current MTTL МАМО 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


* Fast Propagation Delay Time — 
20 ns Typical with 360 pF Load 


Ф Output Voltages Compatible with NMOS Memories 
* Inputs Compatible in MTTL and MDTL Logic Families 
© Output Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown} 


Усс 


OUTPUT 
2 


|! 
INPUTS ri 
с 01 
с 
02 | 
017 | R3 


о 
GND 


QUAD NMOS ADDRESS 
LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


{ SUFFIX 
CERAMIC PACKAGE 
CASE 632 


input 
1А 


Input 
2A 


Output 
A 


Input 
1B 


Input 


28 


Output 


P SUFFIX 
PLASTIC PACKAGE 


C, " 360 pF 
Ss" Of 
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MAXIMUM RATINGS (ТА = 25°C unless otherwise noted.) 


Power Supply Voltage 


Input Voltage 
Power Dissipation (Package Limitation 
Ceramic Package @ Тд = 25°C 
Derate above TA = 25°C 


Plastic Package @ TA = 25°C 
Derate above Тд = 25°C 


Ceramic Package @ Тс = 25°С 


. Derate above Тс - 259С 
Plastic Package @ Тс = 25°C 
Derate above Тс = 25°C 
Operating Ambient Temperature Range 
Junction Temperature 


Ceramic Package 
Plastic Package 


Storage Temperature Range 


Input Voltage — High Logic State 


input Voltage — Low Logic State 


Input Current — High Logic State 
{Усс = 5.25 V. Viu = 24 VI 
(УСС = 5:25 V, Мун = 5.5 М) 

Input Current — Low Logic State 
(УСС = 525 V. Vj = 04 V) 

input Clamp Voltage 
(ic = -12 та), 

Output Voltage — High Logic State 
(Voc = 4.75 V. V = 0.8 V. lop = -640 uA) 
(УСС = 4.75 V. МЦ = 0.8 V. Igy = -2.0 mA) 

Output Clamp Voltage 
(Усс = 5.25 У, Vi, = OV, toc = 5.0 тА) 

Output Voltage - Low Logic State 
{Усс = 4.75 V. Vin = 20 V, lo = 640 uA) 
(Voc = 4.75 V. Ving = 20 V, 101 = 80 mA) 

Power Supply Current — Outputs High Logic State 
{Усс = 5.25 У.У = 0VI 

Power Supply Current — Outputs Low Logic State 

(МСС = 525 V. Viy = 5.0М) 


(1) Typical values measured at TA = 25°C, Vcc” 5.0 У. 
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To Scope 


To Scope 


1тні < 5.0 пз 


4 


(Output) 


(input) 


f= 10 мн: 


Ре“ 


500 ns 


1/4-МС3459 


Pulse 
Generator 


7'!PHL 'PLH 


input 


ov 


360 pF 
(incluges probe and 


> 

з 
.: 
ti 
52 
НЕ 
H 
: 
I 

Н 


Уон 


ің capacitance) 


osv 


TYPICAL PREFORMANCE CURVES 


FIGURE 2 — POWER CONSUMPTION versus 


FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


OPERATING FREQUENCY 


ign. OUTPUT CURRENT - HIGH LOGIC STATE {тА} 


6110A) 31V1$ 21907 HOIH - 39v110A 104100 ‘HOA 


370 pF (each diver) 


DUTY CYCLE * 50% 


=) 


(SW3IAIHO unQ4 30 1v101) 
(we) 01144015802 измов 24 


f. FREQUENCY (MHz) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 


versus OUTPUT CURRENT 


versus OUTPUT CURRENT 


(Expanded Scale} 


Voc = 4.75 У 
ТА • 25°C 
Мн 20V 


9 
Igy. OUTPUT CURRENT – LOW LOGIC STATE (mA) 


5 o8 8 8 з 


~ 


(АШ) 31У15 21901 МОЛ - 39Y110A 114100 104 


($110A) 31v15 21101 нон - 30Ұ110Л 104100 'HOA 


10н. OUTPUT CURRENT — HIGH LOGIC STATE (тА) 
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APPLICATIONS SUGGESTIONS 


A majority of the new М-Сћаппе! MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
Capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between МСС and ground. 

In order to minimize the effects of these currents, the 
following layout rules should be followed: 

1. The Vcc supply ріп of each package should be by- 

passed with a low inductance 0.01 uF capacitor. The 
0.01 uF capacitor will sustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 

node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by іп: 
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic сот- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Мун). There 
are N-Channel MOS memories with a Viu minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a VIH 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the МСС voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 


, fating of the MC3459 can accommodate a 7.5 V Vcc 


supply without affectingits input TTL logic compatibility 
Figure 4 gives the typical УОН versus (Он Characteristics 
for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 
Output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6 — TYPICAL APPLICATION 
16 K X М Memory System Employing 


МСМ6605 4K RAMS McCann, 
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The 2N3563 is an NPN silicon PLANAR epitaxial transistor designed for low-levelRF 


applications. Itfeatures high power gain, low noise andlowleakagein a new 


‘NPN LOW LEVEL RE AMPLIFIER 


DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTOR 


designed to give maximum mechanical Support to the transistor chip. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Operating Junction Temperature 


Storage Temperature 


Soldering Temperature (10 sec. time limit) 


M2ximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Note 2) 
at 65°C Case Temperature (Note 2) 
at 25°C Ambient Temperature (Note 2) | 
Maximum Voltages 
I 
У сво Collector to Base Voltage 
v Collector to Emitter Voltage (Note 3) 


Emitter to Base Voltage 


Characteristics 


DC Pulse Current Gain 
Collector Saturation Voltage 


(Note 4) 


Open Circuit Output Capacitance 
Collector-base Transfer (Note 7) 
Collector Cutoff Current 

Collector Cutoff Current 

mes Frequency Current Gain (f = 6.0 


A e Pove 1 tueuiralized) (Note 5) 14 
(f = 200 mc) i 


100 тс)” 


Noise Figure (Note 6) : 

Collector-Base Time Constant " BO 
(f = 79.8 mc) 

Small Signal Current Gain (f - 1.0Kc) 20 

Collector to Base Breakdown Voltage 30 

Collector to Emitter Sustaining Voltage ' 12 


(Notes 3 and 4) 
Emitter to Base Breakdown Voltage 


313 FAIRCHILD DHIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962.5011, 


Min. 
20 


*125*C Maximum 
-55*C to +125°С 
+260°C Maximum 


Typ. Max. 


solid package 


PHYSICAL DIMENSIONS 
Epoxy pachage 


0.5 Watt 
- 0.3 Watt 
0.2 Watt 


NOTES: Au в. тать соль io inches 
маму moiareg trem case 
WOI веет Раскаде 
апу тек сеземіз maiera 


30 Volts 
12 Volts 
2.0 Volts 


Units Test Conditions 


50 200 
01 | 
1.3 17 
0.8 
50 
- 5.9 
9.0 
717 
4.0 
15 25 
250 


TWX: 910.379.6435 


Io = 8.0 mA Vor = 10 V 
Volts In = 10 mA In = 1.0 mA 
pf Ij = 0 Vos = 10 V 
pf I. = 0 Von = 10 V 
nA Ip 20 Усв = 15 V 
pA lg = 0 Усв = 15 У 

In = 8.0 mA Vor = 10 V 
db Io = 8.0 mA Vor = 10 V 
db lc = 1.0 mA Vor = 60V 
psec lc = 8.0 mA Vep -:10 V 

Io = 8.0 mA Vor = 10 V 
Volts lg = 0 le = 100 pA 
Volts In = 3.0 mA Ів = 0 


РАНЕНИЕ 


ET 


г... 


SEMICONDUCTOR 


a Dy Ога сир Самка дрон њу Саг атом 


NPN GENERAL PURP ГЕО 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


Жа Я 2013567 
б 


Тһе 283567 and 253568 are NPN silicon PLANAR “epitaxial transistors designed pri- 
marilyfor amplifier and switching applications over a wide range of voltage and current. PHYSICAL DIMENSIONS 
These devices feature a useful beta range to 500 mA and low saturation voltage. High NM CET dr 


MAX 
325 Dia 


co!lector-to-emitter voltage allows operationto 60 volts for the 2N3568 and 40 volts for 


the 2N3567. 
ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature | -55°C to +125°C 
Operating Junction Temperature +125°C Maximum ` 
Lead Temperature (Soldering, 10 sec. time limit) 4260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.8 Watt 
at 25°С Ambient Temperature (Notes 2 & 3) 0.3 Watt ME E uS а 
Дах тип Voltages 2N3567 2N3568 retur sema har 
CBO Collector to Base Voltage 80 Volts 80 Volts 
VcEO Collector to Emitter Voltage (Note 4) _ 40 Volts 60 Volts 
У ЕВО Emitter to Base Voltage . 5.0 Volts 9.0 Volts 


ELECTRICAL CHARACTERISTICS (25*C Free Air Temperature unless otherwise noted) 


2N3567 2N3568 
Min. Typ. Max. Min. Typ. Max. Units Test Conditions 


Characteristic 


Tee DC Pulse Current Gain (Note 5) с * 
hpg DC Pulse Current Gain (Note 5) 40 40 Іс = 30 СЕ = 1:0 У 
Ус (521) Collector Saturation Voltage 0.15 0.25 0.15 0.25 Volts Io = 150 mA в = 15 mA 
(pulsed, see note 5) 
V (5а) Base Saturation Voltage 0.9 2.1 0.9 1.1 Volts І. = 150 mA I = 15 mA 
E + с B 
(pulsed, see note 5) 
h High Frequency Current Gain 3.0 3.0 ^ I = 50 mA У = 10 V 
~ {f = 20 MHz) с СЕ 
Coho Open Circuit Output Capacitance 13 20 13 20 pF ТЕ = 0 Ven cus у 
Cito Open Circuit Input Capacitance Я 63 .80 , 63 во РЕ I, = 0 УЕВ = 0.5 V 
сво Collector Cutoff Current 50 50 nA Ip = 0 Усв #90. У 
lcgo(79 €) Collector Cutoff Current 5.0 5.0 HA Те = 0 Қар = 40 V 
TEBO Emlitter Cutoff Current 25 " 25 nA е = 0 Ven - 40 V 
ВУ ао Collector. (о Base Breakdown Voltage 80 80 Volts Ip = 0 Ie = 100 pA 
УсЕо sus) Collector to Emitter Sustaining Voltage 40 60 | |: Volts In = 30 mA um = 0 
(Notes 4 and 5) У (pulsed) 
| ву Emitter 10 Base Breakdown Voltage 5.0 5.0 Volts Ie = 0 1 = 10 pA 


ЕВО 


< Planar is a patented Fairchild process. 
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SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN viEw, CALIFORNIA, (415) 962.5011, TWX: 910 379 6435 к ағемов QFEAIBCHILD Col Aa акр Ims Eu ат секс Ra TUN 


Vet nm + COLLECTOR. SATURATION VOLTACE -= VOLIS 


LULLELIUA пет папа тим x 


| (8: 24 ] 


-~ 


Š B 
5 к 
8 | 8 
~ ~ 
” 1 e 


COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


uL 


CAPACITANCE VERSUS 
REVERSE BIAS VOLTAGE 


сш Ойум Capacitance, ty ~ O 


~ 


CAPACITANCE 


fa 


t 
оо оо Of 03 


NOISE FIGURE VERSUS FREQUENCY 


* MOIS FICURE + т 


5 
1- FREQUENCY - = 


NEUTRALIZED 200 MC POWER GAIN AMPLIFIER TEST CIRCUIT 


за 


L, — 3.5 Turns No. 16 wire; 
5/16 Dia; 7/16 Long. 
Turns Ratio 4 102 

І, — 8.0 Turns No. 16 wire; 
1/8 Dia; 7/8 Long. 
Turns Ratio 8 tol 

1. — 0.4-0.65 ић (adjustable core) 


Ори 
Пеупбеке 
-юа 


NOTES: 


Transe Capacitance, I 7 2 


le 30  Х 


RIVIRSE BIAS - UNITS 


* SOURCE RESISTANCE - OHMS 


* d 


MAXIMUM AVAILABLE CAIN 


“4 ете Hit hee 


ћу“ FORWARD CURRENT TRANTER RATIO 
в 


= 


CONTOURS OF CONSTANT 
BANDWIDTH PRODUCT 01.) 


* vous 


= COLLECTOR VOLTACE 


“л 0.5 10 so 10 
к - СОСТОЯ CURRENT - тА 


CONTOURS OF CONSTANT 
NOISE FIGURE 


с” COLLECTOR CURRENT - mA 


MAXIMUM AVAILABLE 
GAIN VERSUS FREQUENCY 


f - FRIQUNCY · ас 


* Single family characteristics on Transistor Curve 1 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These ratings give а maximum junction temperature of 125°C and junction-to 
ambient thermal resistance of 500°C/Watt (derating factor of 2.0 mW/*C). 


(3) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 


(4) Pulse Conditions: length = 300 psec; daty cycle € 1%. 
{$} Forward gain (db) + reverse gain (db) <(-20db). See test circolt. 
(6) f = 60 mc; Rs = 400 П. 


-case thermal resistance of 260'C/Watt (derating factor of 5.0mW С), nc! 


(7) Ceb 15 measured vsirg a lhree-lerminal measurement technique sith case snd emitter guarded. Ceb ік equivalent to Cre 
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| 
-MP$3640 suco) | 
e . | 


PNP silicon annular transistors designed for general- 
| purpose low-level switching applications. 


CASE 29(1) : 
(TO-92) я 


MAXIMUM RATINGS ` 


Collector-Emitter Voltage Voro | ae Vde 


Collector~Base Voltage 


Emitter-Base Voltage | Уев | 49 | Vdc 


Collector Current - Continuous 


Total Device Dissipation @ ТА = 25°C 310 mW 
Derate above 25°C 2.81 mW/*C 

Operating and Storage Junction Тр Та -55 to +135 °С 
Temperature Range Ы 


+ 


D 


ELECTRICAL CHARACTERISTICS (ТА = 25*C unless otherwise noted) 


| в | imis | ма | њи ЕГЕН 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(с = 10 mAdc, Ig = 9) 


Collector-Emitter Breakdown Voltage 
бс = 100 pAdc, Уве = 0) 


Collector-Base Breakdown Voltage 
ас = 100 pAdc, 1: = 0) 


% 
383 
Emitter-Base Breakdown Voltage д | 
(I, = 100 wAdc, Ic. = 0) E 
Collector Cutoff Current > 
Vor = 6.0 Vdc, VBE = 0) 4 
- 65% 
(Veg = 6.0 Vdc, Уве = 0 ТА = 65°С) i 
{ А 
Е A 
; | 
Г 
7-5 1 4 . t 


MPS3640 (continued) 


ELECTRICAL CHARACTERISTICS (Тс = 25°C unless otherwise noted) 


ON CHARACTERISTICS 


DC Current Gain* 
с = 10 mAdc, VcE 


(lc = 50 mAdc, Vor 
Collector-Emitter Saturation Voltage 

бс z 10 mAdc, Ig = 1.0 mAdc) 

вс z 50 mAdc, Ів = 5.0 mAdc)* 

ас = 10 mAdc, Ip = 1.0 mAdc, T, = 65°C) 


= 0.3 Vdc) 
= 1.0 Vdc) 


Base-Emitter Saturation Voltage 
(Ig = 10 mAdc, Ip = 0.5 mAdc) 


(Ig = 10 mAde, Ig = 1.0 mAdc) 


lg = 50 mAdc, Ip 2 5.0 mAdc)* 


DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 
lg = 10 mAdc, ҮСЕ = 5.0 Vdc, { = 100 MHz) 
Output Capacitance 
Wop 


Input Capacitance 
(УВЕ = 0. 5 Vdc, 


= 5.0 Vdc, Ip = 0, 1 = 140kHz) | 


Ic = 0, 1 = 140 kHz) 


SWITCHING CHARACTERISTICS UN 


Turn-On Time 
(Ver (oft) 


Delay Time 


Тигп-ОН Time 
(УВЕ (ону 


(Voc = 6.0 Vdc, Ypg(orn = 1-9 Ус, 


1, = 50 mAdc, 


Igi 


(Усс = 6.0 Vdc, 1c = 50 mAdc, 


Storage Time 
Fall Time 


*Pulse Test: Pulse Width = 300 us, Duty Cycle = 1. 0%. 


1. = Іһ = 5.0 mAdc) (See Figure 1) 


B1 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


VBB-*l19V Мсс= -60У 


Via TO SAMPLING SCOPE 
PULSE SOURCE 51 Input 2 2100 К 
Rise Time 1.0 m Rise Time 1.0 ns 
Pulse Width 2100 ns = = 
Zin = 50 Ohms 
Fall Time 1.013 NOTES: Collector Current = 50 mA, Turn-On and Turn-Off Time 


Base Currents = 5.0 mA. 


= 1.9 Vdc, Үсс = 6.0 Vdc, 1-50 mAdc, Igi 5- 0 mAdc)(See Figure 1) 
(c z 10 mAdc, Үсс = 1.5 Vdc, Igi = 0. 5 mAdc) (See Figure 2) 


= 5.0 mAdc) (See Figure 1) 


-1.9үдс, Усс=6- оуас, 1,=50mAdc, 11=1в2=5- OmAdc)(See Figure 1) 
. а = 10 mAdc, Voc = 1. 5 Vdc, Ipi = Ів2 = 0.5 mAdc) (See Figure 2) 


7-515 


VcE(sat) 


Vdc 
0.2 


VBE(sat) 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT 


Veg" -5.0 V УСС = 15V 


Vout 


TO SAMPLING 52271 
Input 2 21008 
Rise Time 10 œ 


PULSE SOURCE 

Rise Times 1.0 ns 

Pulse Width 2200 ns = = 

Zin = 50 Ohms 

Fall Пте= 1.0 ns NOTES: Collector Current = 10 mA, Turn-On and Tw» Of Tm 
Base Currents = 0.5 mA. 


2N3644 .2NSBAR. _ 


PNP HIGH CURRENT SWITCHES 


с DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTORS 


These PNP silicon PLANAR epitaxial transistors are designedfor digital and analog applications 


at current levels up to 500 milliamperes. Their high beta, high гт at high current and high Р PHYSICA E NE 
poxy pac 
LV CEO’ make them ideal for use as line drivers and memory MR lied TO-105 
325 ba - 
ABSOLUTE MAXIMUM RATINGS [Note 1] “===> 
w^ Yag 
Maximum Temperatures ER MM MAX 
205 i 
o o у. ЖЕКЕН L] 
Storage Temperature -55*C to +125°C Um. 
Operating Junction Temperature +125°С Maximum зим | | | 500um 
: Қ o | DA 
Lead Temperature (soldering, 10 sec time limit) +260°C Maximum 016 i 
Maximum Power Dissipation 2N3645 2N3644 
Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.7 Watt 0.7 Watt 
at 25°C Free Air Temperature (Notes 2 & 3) 0.3 Watt 0.3 Watt 


Maximum Voltages 


Усво Collector to base Voltage | -60 Volts -45 Volts "co RT 
Уско Collector to Emitter Voltage (Note 4) -60 Volts -45 Volts врба angi 
е У ЕВО Emitter to Base Voltage -5.0 Volts -5.0 Volts iie verae vti iin 
ELECTRICAL CHARACTERISTICS (25*C Free Air Temperature unless otherwise noted) 

SYMBOL CHARACTERISTIC MIN. TYP. ‘MAX. UNITS TEST CONDITIONS | 
hpp DC Current Gain 40 1170 Te = 100 pA Усе = -10 У | 
hor DC Current Gain 80 200 Іс = 10 mA Voeg --10 V 
hee DC Pulse Current Gain (Note 5) 100 270 Іс = 10 mA Vor =-10 V 
hee DC Pulse Current Gain (Note 5) 115 160 300 lc = 50 mA У СЕ 2-10 У 
hep DC Pulse Current Gain (Note 5) 100 150 300 Ic - 150 mA Voge =-10 V 
hee DC Pulse Current Gain (Note 5) 20 50 Іс = 300 mA Veg = 72.0 v 
hte High Frequency Curren: Gain (f = 100 Mc) 2.0 2.50 Іс = ?0 mA Veg 
C obo Common Base Output СарасИапсе | 4.5 8.0 pf. Ip = Усв 
Cibo Common Base Input Caracitance 15 25 pt le = УЕв 


Additional Electrical Characteristics on pagez . 


NOTES: 
(1) These ratings аге limiting values above which tte serviceability of any individual semiconductor may be impaired, 
(2) These are steady state limits, The factory shozld be consulted on applications involving pulsed or Jow duty cycle operations, 


(3) These ratings give a maximum junction temperzture of 125°C and Junctíon-to-case thermal resistance of 143°C /Watt (derating factor of 7.0 mW/*C); junctlon-to-arnblent 
‘thermal resistance of 333°C/watt (derating factor of 3.0 mW/*C). 


(4) Rating refers to a high-current point where collector -to-ernitter voltage is lowest. 
(5) Pulse Conditions: length = 300 psec; duty cycle = 1%. 


(6) See switching circult for exact values of Io! Ва" and I 


б SSS Жылын MÀ f оета 


к" FAIRC! 
| | un: ли ee 
SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 а осим OF FAIRCHILD Cav 64 амо зауза UIN T СОС ВА ож 


52° 


Боден > 4,575 ОА WIN, Pee "lora сысы зып АУАСЫ 


СЕА 


ELECTRICAL CHARACTERISTICS (25°С free air temperature unless otherwise noted) 


TYPICAL ELECTRICAL CHARACTERISTICS 


SYMBOL CHARACTERISTIC - MIN. ТҮР. MAX. UNITS TEST CONDITIONS 
ENFIN a a SS 
Усе(531) Collector Saturation Voltape (Pulsed, see Note 5) A -0.08 -0.25 Volts lc = 50 mA Ів = 2.5 mA 
Voplsat) Collector Saturation Voltage (Pulsed, see Note 5) -0.18 -0.4 Volts lc = 150 mA lg = 15 mA 
У срба Collector Saturation Voltage (Pulsed, see Note 5) -0.5 -1.0 Volts Ic = 300 mA Ip · = 30 mA 
Vorolsust) Collector to Emitter Sustaining Voltage 2N3645 -60 Volts le = 10 mA Др = 0 

CEO (Notes 4 & 5) 2N3644 -45 Volts (pulsed) 
Уве(520) Base Saturation Voltage (Pulsed, see Note 5) -0.9  -1.0 Volts Ic = 50 mA ів = 2.5 mA 
У на Base Saturation Voltage (Pulsed, see Note 5) -1.0 -1.3 Volts lc = 150 mA m = 15 mA 
У ВЕ (521) Base Saturation Voltage (Pulsed, see Note 5) -0.8 -2.0 Volts le = 300 mA ly - 30 mA 
BY so Emitter to Base Breakdown Voltage ! -5.0 Volts с = 0 Ip = 10 pA 
ВУсво Collector to Base Breakdown Voltage 2N3645 -60 Volts Ip = 100 pA lp = 0 
243644 -45 Volts 
ton Turn On Time (Note 6) 2 30 40 пес <= 300 mA ів > 30 mA 
oft Turn ОЙ Time (Note 6) 65 100 nsec Iç 8:300 тА, Ig, = 30mA, Ig, = -30mA 
logs Collector Reverse Current 2N3645 35 nA ҮСЕ? -50 У VBE = 0 
à '2N3644 35 nA У СЕ -30 У Vor = 0 
lors Collector Reverse Current (+65°C) 2N3645 2.0 pA Veg? -50 V VBE = 0 
2N3644 И 2.0 pA Veg? -30 V Var 0 


COLLECTOR CHARACTERISTICS ^ COLLECTOR CHARACTERISTICS” 


t Hi 
Е E 
5 5 
E E 
$ 8 

Veg 7 COULCIOR EMITIER VOLTAGE - VOLTS Vog - COUTCIOR иштик VOLTAGE VOUS 

И DC PULSED CURRENT GAIN 
BASE CHARACTERISTICS = . VERSUS COLLECTOR CURRENT 


le ~ COLLECTOR CURRENT 
№ * FORWARD CURRENT TRANSFER. RATIO 


9 чл ча 12 -1.6 72.0 - mi са чл 230 -10 “ме 0 
Vag ~ BASE тия VOLTAGE - vous к - COLLECTOR CIRRINI - тА 


* Single family characteristics on Transistor Curve Tracer. 


MM M—MÀ———— 


fi > 2 MZ Gaia 


—— ———À — M —— + 
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TYPICAL ELECTRICAL CHARACTERISTICS 


PULSED COLLECTOR SATURATION PULSED BASE SATURATION П 
VOLTAGE VERSUS COLLECTOR VOLTAGE VERSUS COLLECTOR | 
CURRENT CURRENT | 
- ~ i 
8 5 
5 Ей | 
5 5 | 
5 = 
= = 
= 5 | 
E x | 
5 5 | 
e А ' 
ES Ma | 
a - = 1.0 я 
т іс“ COLLECTOR CURRENT ~ mA (с 7 СОСТОЯ CURRENT - mA | 
\ 
COLLECTOR REVERSE CURRENT COLLECTOR REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE VERSUS AMBIENT TEMPERATURE 
100 
* os 5 
= Е 
F 5 
z x 
= юр E 
= = 
Е 2.0 t 


-10 E 3 E ~ 0 
Vcr * COLLECTOR TO Елу TCR VOLTAGE - VOLTS 


INPUT AND OUTPUT CAPACITANCES 5 CONTOURS OF CONSTANT GAIN 
VERSUS REVERSE BIAS VOLTAGE" BANDWIDTH PRODUCT (fi) 


ЛАЛЕ ИЛ 
ТШ WA 

E 

A 


€ ~ CAPACITANCE + и 
Veg * COLLECTOR. смех VOLTAGE - vours 


Іс: COGUCIGS CLE АТ - mA 


 ——À — P À— нее. ee Г 5 = 


SMALL SIGNAL CHARACTERISTICS 


= 


” 


+10 vous 
• Bc 


CHARCTERISTICS RELATIVE TO VALUE АТ PELLI 
CHARACTERISTICS RELATIVE TO VALUE AT T, 


5! 
-1.0 -20 -5.0 -10 -2 -50 з 
- AMBIENT TEMPERATURE - °C 


CHARACTERISTICS RELATIVE TO VALUE AT Vet * 


ы - COULECIOR CURRENT - mA Vcr - COLLECTOR VOLTAGE - VOLTS ТА 
h PARAMETERS (f = 1 kc) 
Symbol " Min. Typ. Мах. Units Test Conditions 
hie Input Resistance 480 2000 ohms Ie = 10 mA Vor =-10 V 
hoe Р Output Conductance 80 1200 eed Ic = 10 mA VCE =-10 V 
hee Voltage Feedback Ratio 162 1500 x10 Ic = 10 тА Vcr =-10 V 
LA Small Signal Current Gain 100 Ic = 10 mA Vor =-10 V 
TYPICAL ELECTRICAL CHARACTERISTICS 
SWITCHING TIMES VERSUS SWITCHING TIMES VERSUS RISE TIME VERSUS COLLECTOR 


COLLECTOR CURRENT AMBIENT TEMPERATURE AND TURN ON BASE CURRENTS 


"ме 


SWITCHING TIME 
' SWITCHING TIMES + nsec 
D < TURN ON BASE CURRENT - mA 


30 -20 0 ко -200 -50 


Iç - COLLECTOR CURRINT - mA T, - AMBIENT TEMPERATURE = 5G fg ~ COLLECTOR CURRENT - mA 


TonAND Tore TEST CIRCUIT 


-30V 
4.0V 
30 
0.47 Your 
iH то samPLinG 
330 - OSCILLOSCOPE 
' 1; <Insec 
PULSE GENERAT ы 
| жо он 1.0 РА Ин 20.1M0 
| IN = - . с—— ij --- 
ty. 1, <бпзес | | Pw 
РМ. = O.5psec 75 
Zin = 502 500pf 
= ii 


Fairchild cannot assume responsibility for use of any circuitry described. No circuit patent licenses are imphe 


ИРИНУ aaa - сабына Катер 
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CASE 29(1) V 


NPN silicon annular transistors, designed for gen- 
eral-purpose switching and amplifier applications, 
features one-piece, injection- molded plastic package 
for high reliability. The 2N3903 and 2N3904 аге com- 
plementary with PNP types 2N3905 and 2N3906, re- 
Spectively. | 


А\ 
\\ 
(10-92) 


MAXIMUM RATINGS 
Сати vao | © [уе _ 
W 
W 


EO li 

c | 9 |" 
310 m 
210 m 
Derate above 25°C 2.81 | mW/*C 


Total Device Dissipation (2 T А = 25°C 
Operating and Storage Junction T р T si -55 to +135 *C 
Temperature Range 8 | 


ТА = 60°C 


Thermal Resistance, Junction to 
Ambient | 


6-661 


2N3903, 2N3904 (continued) 


è Г. Characteristic 


OFF CHARACTERISTICS 


Collector- Base Breakdown Voltage 
02-104, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
Qc. © 1.0 mAde, Ig = 0) 


Emitier-Base Breakdown Voltage 
ү 10 нА&, To = 0) 


Collector Cutoff Current 
Vor = 30 Vdc, Ve Biot) = 3.0 Уф) 


Base Cutoff Current 
ск 7 30 VOC. Укр, 


ON CHARACTERISTICS 


DC Current Gain* 
fic = 0.1 тАф, У 


= 3.0 Vdc) 


СЕ * 1.0 Vdc) 


«с “1.0 тАж, V = 1.0 Vdc) 


CE 
a 1.0 Vác) 


пе = 10 mAdc, У 


СЕ 
(le = 50 mAdc, Vog = 1.0 Vde) 


02-100 шла, Veg “1.0 Vác) 


Collector-Emitter Saturation Voltage* 
Ag * 10 mAde, 1g = 1.0 mAdc) 


(с = 50 mAde, 1; = 5. 0 mAdc) 


Base-Emitter Saturation Voltage* 
üc “10 mAdc, в = 1.0 mAdc) 


(с "50 madc, Ty = $.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain- Bandwidth Product ` 
бс = 10 mAdc, Vor = 20 Мас, f = 100 MHz) 


Output Capacitance 
“ев т 5.0 Vdc, 1," 0, 1 = 100 kHz) 


Input Capacitance 
ВЕ “ 0.5 Væ, lc * 0, f+ 100 kHz) 


* 1.0 Айс, Vag. * 10 Vde, f = 1.0 kHz) 


CE 


Voltage Feedback Ratio 
tic = 1.0 mAd, Yor = 10 Vác, f » 1.0 kHz) 


Small-Signal Current Gain 
(lg 1.0 mAdc, Vog * 10 Vdc, f = 1.0 kHz) 


Output Admittance 
с ғ 1.0 mAdc, Yor ® 10 Vác, f = 1.0 kHz) 


Noise Figure 
пе = 100 Adc, Yor х $.0 Уудс, L^ = 1.0 k ohms, 


f = 10 Hz to 15.7 kHz) 
SWITCHING CHARACTERISTICS 


| Rise Time | к * 10 mAde, Ig, = 1.0 mAdc) 


ес = 3.0 Vdc, ic = 10 mA&, 
lbi 41%,” 1.0 mAdc) 


» Pulse Test: Pulse Width » 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 


300 ns 30V 
DUTY CYCLE = 2% Th +106V m 


-05y— у 
€ 10 ns. be 


ELECTRICAL CHARACTERISTICS с, = 25°C unless otherwise noted)" 


| Fig. №. | Symbol | Min | Max | Unit | 


“Total shunt capacitance of test jig and connectors 


FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 


10 < < 500 us 4 t M *30V 
DUTY CYCLE = 2% ыы 


| ; 
шы Ее" 2105 


243905 (siticon) 


PNP silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications, 
features one-piece, injection- molded plastic package 
for high reliability. . The 2N3905 and 2N3906 are com- 
plementary with NPN types 2N3903 and 2N3904, re- 
Spectively. ; 


CASE 29(1) 
(TO-92) 


MAXIMUM RATINGS 
СИИИ зао _ 


СоПестог- Вазе Voltage ` B EAM 
C 
Totg 


310 
210 


Vdc 
Vdc 
Vdc 
Total Device Dissipation @ T 25°C mW 
TA = 60°C mW 

Derate above 25°C 2.81 mW/*C 
Operating and Storage Junction -55 to 4135 "C 

Temperature Range 


| Characteristic Symbol 
Thermal Resistance, Junction to 0 
à JA 
Ambient 


ed for gen- 
pplications , 
ic package 
)6 are com- 
N3904, re- 


A ENE onn i ÉRIC v ic 
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2N3905, 2N3906 (continued) 


ELECTRICAL CHARACTERISTICS ст, = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ig = 10 џАвс, 1, = 0) 


Collector - Епинег Breakdown Voltage* 
(lg 1.0 mA&, lg * 0) 


Emitter-Base Breakdown Voltage 
{Ip = 10 АЖ, 1, = 0) 


Collector Cutoff Current 
Wop = 30 Vdc, V 


BE(off) " 3.0 үде) 


Base Cutoff Current 
(Veg 730 Уве, Ур) "3.0 Ve) 


ON CHARACTERISTICS 


DC Current Сал" 
lg = 0.1 mAde, У, 


СЕ ^ 1:0 Vdc) 


{Ig = 1.0 тай, = 1.0 Vác) 


Усе 


Ug * 10 mAde, Vog = 1.0 Vác) 


Mig = $0 mAde, Vog = 1.0 Vdc) 


CE 


fte * 100 mAdc, V, 


СЕ * 1.0 Vdc) 


Collector -Emitter Saturation Voltage* 
а * 10 mAdc, Ів = 1.0 mAde) 


Mg = 50 mAde, Ip = 5. 0 mAdc) 
Base-Emitter Saturation Voltage* 
(lg * 10 mAdc, ly = 1.0 mAdc) 
ac = 50 mAdc, Ig 7 5.0 mAdc) E 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-- Bandwidth Product 
(с = 10 mAdc, Усе = 20 Vdc, f = 100 MHz) 


Output Capacitance 
“ев = 5,0 Vdc, т = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, % = 0, f = 100 kHz) 


j Input Impedance 
(c = 1.0 mAdc, Yor = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
ас = 1.0 mAdc, Vor © 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
бс = 1,0 тАйс, УСЕ = 10 Vde, f = 1.0 kHz) 


Output Admittance 
(Ig © 1.0 Айс, Vog = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(ig = 100 uAde, Veg “5.0 Vde, Re = 1.0k ohm, 
f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


= 0.5 Vde, 


= 10 mAd, 1, = 1.0 mAdc) 


= 10 mAdc, 


* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2. 0%. 


FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 
491V aol -< 10 ns -30V 


275 


16 < A0pF* 


10 < t, < 500 us L109 
DUTYCYCLE = 2% 7 № 


"Total shunt capacitance of test jig and connectors 


6-667 
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— —— File No. 64 


Power Transistors 
2 
2N3439 
2N3440 


Features 


RCA-2N3439* , 2N3440°*, 2N4063, 2N4064, and 40390 are 
epitaxial-base silicon n-p-n transistors with high breakdown 
voltages, high-frequency response, and fast switching speeds. 
These transistors are intended for industrial, cornmercial, and 
military equipment. Typical applications include high-voltage 
differentia! and operational amplifiers, high-voltage inverters, 
and high-voltage, low-current switching and series regulators. 


High-Voltage Silicon 
N-P-N Transistors 


For High-Speed Switching and 
Linear-Amplifier Applications 


а High voltage ratings: 
Усво = 450 V max. (2М3439, 2N4063) 
7 300 V max. (2N3440, 2N4064) 
МСЕоби5) = 350 V тах. (2N3439, 2/4063) 
= 250 V max. (2N3440, 2N4064) 
= Maximum-area-of-operation curves 
в Low saturation voltages 


These devices are available with either 1%- 
inch leads {TOS package) or %-inch leads 
(ТО-39 package). The longertead versions are 
specified by suffix “L” after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


The 2N3439 and the 2N3440 differ primarily in their voltage 
ratings; the 2N4063 and 2N4064 have the same voltage ratings 
as the 2N3439 and 2N3440 respectively, but employ a flange 
package. Type 40390 is a 2N3440 with a factory-attached heat 
radiator; it is intended for printed-circuit-board applications. 


Formerly RCA Dev. No. ТА2458. 
** Formerly RCA Dev. No. TA2470. 


2N3439 2N3440 
2N4063 2N4064 
40390 
Absolute-Maximum Values: а 
COLLEECTOR-TO-BASE VOLTAGE: а ааа оо орала а чш А Хево 150 300 у 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE. ............ Ycrolsus) 350 250 Y 
EMITTERZEO-BASE. VOLTAGE. «ooi ass ms а аа иа аа ыз YEBO 7 7 у 
CODEÉECTOR. CURRENT эсе» Eee e eter te semanas lc 1 1 А 
BUE CANE bie «cot eee ete o ET SER nte Тв 0.5 0.5 A 
TRANSISTOR DISSIPATION: а а tare see вара шше. ee шьш; Рт 
At case temperatures upto 259С......................... 10 10(2№3440) Ж 
= 10(2N4064) % 
At free-air temperatures up to 259С....................... = 3.5(40390) d 
At free-air temperatures up to 509С....................... 1(2N3439) 10233440) W 
At free-air temperatures above 25°C or 509С................. See Fig. 2. 
For polse operations 01. 25 5а eed esee ин Eie RR в See Fig. 9. 


TEMPERATURE RANGE: 
Storage & Operating (Junction). ................. 


LEAD TEMPERATURE (During soldering): 
At distance 2 1/32 in. from seating plane for 105 тах... 


------- -65 to 200 °С 


—— — —— °С 


File No, 64 _______- 


ELECTRICAL CHARACTE 


Choracteristic 


Collector-Cutofí Current 


Emitter-Cutoff Current 


DC Forward - Current Transíe 


Collector-1o-Emitter 
Sustaining Voltage: 

(See Figs. 3 &4 

With base open 


Base-to-Emitter 
Saturation Voltage 


Collector-to-Emitier 
Saturation Voltage 


Small -Signal, Forward-Current 
Transfer Ratio (at 5 MHz) 


Output Capacitance (а: 1 Мі 


Second-Breakdown 
Collector Current: 
With base forward biased 


Therma! Resistance: 
Junction-to-Case 


9CAUTION: The sustaining 


should be measured by тег 


PERCENTAGE OF RATED CURRENT ат SPECIFIED 


| 
4 
t 
$4 i- 
о ғ 56 т 
EFFECTIVE CASE TEMP 


Fig. 1 — Current а 


__-- File Мо. 64 
. Transistors 
| 2N4063 


3439 2N4064 
40390 


13440 


Tress devices эге available with either 1%- 
„лек taads (TOS package} or %-inch leads 
| (то-39 package). The longer+ead versions are 
| eoecifisd by suffix “L” afier the Тура num- 
! ber; the shorter-lead versions аге specified by 
| ын “5” after the type number. 


22440 differ primarily in their voltage 
и 2N4064 have the same voltage ratings 

140 respectively, but employ a flange 
|. 2N3440 with a factory-attached heat 
ът printed-circuit-board applications. 


Т А2458. 
1 А2470. 
2N3439 2N3440 
284063 2N4064 
40390 
450 300 у 
350 250 \ 
т ; н 
1 А 
0-5 0.5 А 
10 10(2N3440) W 
= 10(2N4064) W 
- 3.5(40390) * 
1293439) 1(2N3440) Ж 
See Fig. 2. 
See Fig. 9. 


-65 to 200 —————= °C 


255 °С 
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File №. 642 283438, 2N3440, 2N4063, 2N4064, 40390 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Тс) = 25°C 


TEST CONDITIONS 


oc oc рс 
Characteristic Collector Emitter Current 


Collector-Cutoff Current 


Emitter-Cutoff Current 
DC Forward - Current Transfer Ratio hee 


Collector-to-Emitter 
Sustaining Ұоһаде: 


(See Figs. 3 & 4.) 
With base open 


LIMITS 


Types 
2N3440 
2N4064 
40390 


Base-to-Emitter 
Saturation Voltage 


Collector-to-Emitter 
Saturation Voltege 


Small -Signal, Forward-Current 
Transfer Ratio (a1 5 MHz) 


Output Capacitance (at 1 MHz) 


Second-Breakdown 
Collector Current: 
With base forward biased 


= | | |_|___|--| feses] 


Thermal Resistance: 
Junction-to-Case 


ЗСАЏТРОМ: The sustaining voltage Vcpo(sus) MUST NOT be measured on a curve tracer. The sustaining voltage 


should be measured by means of the test circuit shown in Fig. 3. 


NT AT SPECIFIED 
S 


ae 

ШШ 
TAT 

DUE 


TE 
© 


PERCENTAGE OF RA 
| x 


25 50 75 100 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP Tere оя теі ee 


3205 21992 


Fig. 1 — Current derating curve for all types. 


-75-50-25 О 25 80 75 100 125 150 175 200 
FREE-ARK TEMPERATURE (Трд)-- °C 


92.5-1608 


Fig. 2 — Dissipation derating curve for 2N.3439, 2N3440, and 40390. 


ғ 1 
* HIGH BREAKDOWN ........ —60 AND —30 VOLT (MIN) со 
• EXCELLENT BETA LINEARITY. . . FROM 100 рА TO 500 mA 
* LOW NOISE FIGURE... - - -- 3 dB (MAX) AT 1.0 kHz 


* LOW У сны) 


Доза ° GIN I WY 


PNP LOW LEVEL, LOW NOISE AMPLIFIERS 


* COMPLEMENTARY WITH 2N3567,2N3568, 2N3569 


ABSOLUTE MAXIMUM RATIGGS (Note 1) 


Maximum Temperatures 


Storage 


Temperature 


Operating Junction Temperature 
Lead Temperature (Soldering, 10 second time limit) 


Maximum Power Dissipztion (Notes 2 and 3)” 
Total Dissipation at 25°C Case Temperature А 


at 25°С Ambient Temperature 


Maximum Voltages 


v 
“сво 
Veto 
“ 
TEBO 


Collector to Base Voltage 


Collector to Emitier Voltage (Note 4) 


Emitter to Base Voltage 


-AND HIGH CURRENT SWITCHES 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


1.0 VOLT (МАХ) AT lc = 1.0 A 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL 


ВУсво 
ВУ во 
У соја) 


Verjan 


ү 


ШИЛ 


У ОМ) 


NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


CHARACTERISTIC Jy. 
DC Pulse Current Gain (Note 5) 25 
DC Pulse Current Gain (Note 5) 40 
DC Pulse Current Gain (Note 5) 50 
DC Pulse Current Gain (Note 5) 40 
DC Pulse Current Gain (Note 5) 30 
High Frequency Current Gain 1.0 


(f = 100 MHz) 
Collector to Base Breakdown Voltage | — 60 
Emitter 10 Base Breakdown Voltage |—5.0 
Collector to Emitter Sustaining —60 
Voltage (Notes 4 and 5) 
Pulsed Collector Saturation Voltage 
(Note 5) 
Pulsed Base Saturation Voltage 
(Note 5) 
Pulsed Base Emitter "ОМ" Voltage 
(Note 5) 


2N4354 
TYP. MAX | MIN. 
110 60 
120 75 
120 500 100 
115 75 
110 75 
20 5.0 1.0 
— 60 
—5.0 
--50 


—55°C to 4-125?C 
125*C 
260°C 
0.8 Watt 
. 0.35 Watt 
284354 
2584355 2N4356 
— 60 Volts —80 Volts 
— 60 Volts —80 Volts 
— 5.0 Volts —5.0 Volts 
2N4355 2N4356 
ТҮР. MAX | МІМ. ТҮР. 
180 25 160 
200 40 180 
200 400 50 180 
190 40 170 
‚ 170 30 160 
20 50 10 2.0 
-80 
—5.0 
--80 
—0.5 —1.0 
—1.2 
—1.05 —1.20 


MAX. | UNITS 


250 


5.0 


Volts 
Volts 
Volts 
Volts 
Volts 


Volts 


PHYSICAL DIMENSIONS 


(n accordance with 
JEDEC (10-105) outline 


ROTES Ав егете е мез 
Lends sre gold olated hove: 
Pochage т eleciecany Mon 
co^duciert matenis! 
Pachoge weigh a O 66 prom 


TEST CONDITIONS 


lp = 100 4A Ус; = —10V 
іс =1тА Ұс = —10V 
1с = 10 тА Ус: = —10V 
lc = 100 тА Vc, = —10V 
lc = 500 тА Vc, = —10V 
Іс = 50 тА Vcg —10V 


бс=10лА I, =0 


lc =0 lg = 10 ЛА 
lc = 10 mA 1],—0 
(pulsed) 


Ip 10A 1,=100mA 
їе = 10A 1, = 100 тА 


lp = 10A Veg 10У 


(2) These are steady state limits. The factory should be consulted on applications involving pulsed ог low duty cycle operations. 


(3) These ratings give ә maximum junction temperature of 125°C and junction to case thermal resistance of 125*C/Watt (deraling factor of 8.0 mW/°C); junction to am 


resisiance of 286*C/V/ati (дега пр factor of 3.5 тү// °С). 
(4) Rating refers to a high current point where collector to emitter vollage is lowest. 


(6) See switching 


С, 313 FAIRCHILD DRIVE, MOUNTAIN VIEW. CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 


(5) Pulse Conditions: length = 300 ys; duty cycle = 1%. 


circuit for exact values of іс, Isi, and Iez. 
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*Planar is a patented Fairchild process. 


bient thermal 


= U^ 
слу CSI 
SEMICONDUCTOR 


A Diver OF тазасы о САЛЫН та амрембте ит ССС а" СУ 


ө. 


1--- 


ELECTRICAL CHARACTERISTICS (25°C Fiee Air Temperature unless otherwise noted) 


SYMBOL - 


CHARACTERISTIC 


Yetgan Pulsed Collector Saturation Voltage (Note 5) 2 —0.10 

CH!) Pulsed Collector Saturation Voltage (Note 5) —0.25 —0.5 
аның Pulsed Base Saturation Voltage (Note 5) —0.8 —0.9 
Vethan Pulsed Base Saturation Voltage (Note 5) —1.1 
У ком; Pulsed Base Emitter "ОМ" Voltage (Note 5) —0.95 —1.1 
Icso Collector Cutoff Current 0.2 50 
1сво(+75°С) Collector Cutoff Current 0.02 5.0 
Іно Emitter to Base Current 1.0 100 
Coo Colleclor to Base Capacitance (f — 1.0 MHz) 15 30 
C. Emitter to Base Capacitance (f = 1.0 MHz) 75 110 
rt Turn-on Time (Note 5) 23 100 
ts Turn-off Time (Note 6) 200 400 


3.0 


NF Noise Figure (f = 1.0 kHz) 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS? COLLECTOR CHARACTERISTICS* 


Н ; z 
x a - 
H 1 WR H © 
g 5 5 
54 L4 = 
5 5 5 
О РА] 4.0 м. 440 -10 
“а = COLLECTOR 4 МТТ А VOLTAGE ~ VOLTS ха * COLUCTOR -EMITTIR VOLTAGE - VOLTS 
COLLECTOR CHARACTERISTICS? COLLECTOR CHARACTERISTICS* 
w "$ 
x E E 
5 5 5 
g 3 5 


Ұл" COLUCIONM GnTm? ҰЯЛАЙ - vous Ұс” COUICTOR ІМ/ТТІР VOLIAGE - VOLTS 


"Single family characteristic on Transistor Curve Tracer. 


UNITS 


TEST CONDITIONS 


lp = 150 тА 1, = 15 тА 
Volts Іс = 500 mA № = 50 тА 
Volts 1с = 150 тА 1, = 15 тА 
Volts Іс = 500 тА І; = 50 тА 
Volts іс = 500 тА Ye, = —0.5V 
ПА = 0 Мер = —50V 
BA lp = 0 Veg = —50V 
nA lc =0 Vg = —4.0V 
pF іс = Ves = —10 V 
pF lc = 0 Vg = —0.5V 
ns lc = 500 тА |, = 50 тА 
ns lc = 500 тА |, = 50 тА 

lg; = —50 mA 


BASE CHARACTERISTICS* 


БД) 1: а 70 


Ув - BASE-LMITHR VOLTACE - VOLTS 


BASE CHARACTERISTICS* 


ER] 
= ВАУ ИЛИ VOLTACI - VOLTS 
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COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


зл 


4; 


5 
~ 


Vet Pall - COUICIOR МИЯ SATURATION VOLTA CE - VOLIS 
^ 


К - COLLECTOR CUP ENT - mA 


DC PULSE СИПГЕНТ GAIN 
VERSUS COLLECTCR CURRENT 


муст OC PULSE CURRENT CAIN 


1e - COLLECTOR CUF RENT - mA 


CONTOURS OF CONSTANT NARROW 


BAND NOISE FIGURE 


Ry + SOURCE RESISTANCE - 10 


fg - COLLECTOR CUTGENT - та 


SWITCHING TICS VERSUS 
COLLECTOR CURRENT 


FAIRCHILD PNANSISTORS 


#4555 * ZN4520 


GAIS BANDWIDTH PRODUCT 
VERSUS COLLECTOR CURRENT 


ASE SATURATION VOLTAGE 
VERSUS -COLLECTOR CURRENT 


MT “МАЯ -ІМІТТІЛ SATURATION VOLTAGE - VOLTS 
||" GAIN BANDWIDTH PRODUCT + Mite 


te - COLLITTOR CURRENT - mA 


» то 
lg ~ COLLECTOR CURRENT ~ mA 


COMMON DASE OPEN CIRCUIT 
INPUT Апр CUTPUT 
CAPACITANCE VERSUS REVERSE 
BIAS VOLTAGE 


E E 


COLLECTOR CUTOFF CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


7% HH- HHH 
+ И пи ЕЕ Е ГЕП ИШ ШЕ ES 
у үсе сук == шү ЖИЙ T Th 
2 * 
|. ШЕЕ IET LL 
- = Fi РАСУ TATE E ТЩ 
= et dio Li ПЕ - ГІ)! 
ШЕ ТЫ] 
о 21 Ен 
A or БӨРЕНЕ (БЕРЕН екені 


0—4 
= ЕБР ЕЕРЕЕ — 

xd. p pp --—3 "Т ЕЕ ЕТ И жән 

ын -ю -20 > E E 219: 4) 4410 -20 50 0 — м 


RIAS BIAS ПАЯ VOLTS 


~“ 

Е.Д 
3 
E 
п 
$ 
5, 
Н 
м 
« 
2 
» 
D 
ӛ% 
a 


MF * NOISE FIGURE -at 


1 „ AND {о TEST CIRCUIT 


Үвво +3.8у VCCo-30V 


1kQ 602 
TO OSCILLOSCOPE 


INPUT Z >100kQ 


10pF | 1000 
sol ды ай tr =10ns 


. 9—1]— —1 
PULSE SOURCE 620 
tr, t£ < 20ns 

ZIN = 500 

PW = 10us 

DUTY CYCLE <2% 
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CHARACTERISTICS 


Input Resistance 


800 


Output Conductance 75 итћо lc = 10 тА 
Voltage Feedback Ratio | 180 X10^* lc = 10 тА 
Small Signal Current Gain 149 lc = 10 mA 


100.02 


TYPICAL 25 WATT POWER AMPLIFIER 
USING THE2N4354 IN THE DRIVER STACES 


—2O +44V 


0.33yF 


+ 


500yF 50V 
* 


RL-8.00 


6.8k0 È 1.0kQ 


50yF 50V 


"OR EQUIVALENT SILICON OUTPUT TRANSISTOR 


TEST CONDITIONS 


Vece —10V 
Voce —10V 
Veg —10V 
Усе —10V 


—————————————————— ———————— —————— 


Smal!-Signal, Common.-Source, IM (У) 4000 
Short-Circuit Output Susceptance 


90 


CONDITIONS 4 


ELECTRICAL (CHARACTERISTICS 
@ 25°C (UNLESS OTHERWISE NOTED) 


Small-Signal, Conimon- Source, НЕ (У.,) 75 


Short-Circuit Output Conductance 


Small-Siynal, Common-Source, 
Short-Circuit Output Susceptance 


Small-Signal, Common-Source, 
Short-Circuit Forward Transconductance 


3000 Vix = 15 V, Ус, = 9, 
= 400 MHz 

75 Ving = 315 V; Ус, =0. 
f = 100 MHz 

Vos = 15 V, Ус, = 0, 
f — 100 MHz 


У, = 15 V, 1, = 5 тА, 
f = 400 MHz (See Fig. 1) 


Vos = 15 V, 1, = 5 mA, 
f — 100 MHz (See Fig. 22) 


Vos = 15 V, 1, = 5 mA, 
f — 400 MHz (See Fig. 22) 
Вс = 1000 ohms 


Common-Source Power Gain С 
Common-Source Power Gain ps 
Common-Source Spot Noise Figure NF 
Common-Source Spot Noise Figure NF 


Vps = 15 V, Ip = 5 тА. 
f — 100 MHz (See Fig. 22) 
В. = 1000 ohms 


TYPICAL PERFORMANCE CURVES 


@ 25*c (UNLESS OTHERWISE NOTED) 


PARAMETER INTER-RELATIONSHIP 


SATURATION DRAIN CURRENT (1055) mA 
(ly, ТАТ 1000 Hr ond М.» О)умноѕ 


FORWARD TRANSFER ADMITTANCE 


G САТЕ- SOURCE CUTOFF VOLTAGE VGstott)VOUS 


SATURATION DRAIN CURRENT 
AND FORWARD TRANSFER ADMITTANCE 


vs. 
GATE-SOURCE CUTOFF VOLTAGE 
FIGURE 1 


DRAIN CHARACTERISTIC 


DRAIN CURRENT lip) mA 


| 
ES 

i Д П Д i 1 ' 
© R м !6 18 20 22 24 26 
REM- SOURCE VOLTECE (Vps) VOLTS 


DRAIN CURHENT 
VS. 
DHAIN-SOURCE VOLTAGE 


TRANSFER CHARACTERISTIC 


DRAIN CURRENT (15) mA 


~ ТУ 
о -l -2 -3 -4 -5 -6 -7 
GATE-SOURCE VOLTAGE (Voc) VOLTS 
DRAIN CURRENT 
vs 


GATE-SOURCE VOLTAGE 


, FIGURE 2 
TRANSFER CHARACTERISTIC 


ІШТІ 
Мз25*с] 
& № 
m o 


9 


NORMALIZED FORWARD TRANSFER ADMITTANCE 


-60 -20 О +20 +60 +100 +140 
TEM PERSTURE °C 


NORMALIZED FORWARD TRANSFER 
ADMITTANCE 
p: 


TEMPERATURE 


ИР DRAIN CHARACTERISTIC LEAKAGE CHARACTERISTIC е 
ЕЕЕЕЕЕЕЕЕЕЕ: 


GATE LEAKAGE CURRENT (1655) nA 


25 50 75 wo 125 150 175 


о ' 
-60 -20 0 +20 +60 +100 +140 о 
TEMPERATURE °C 


TEMPERATURE °C 


Баки o S амы | САТЕ LEAKAGE CURRENT 
TEMPERATURE TEMPERATURE 
FIGURE 5 FIGURE 6 
TRANSFER CHARACTERISTIC OUTPUT CHARACTERISTIC 


FORWARD TRANSADMITTANCE [ГАЛ УР] 
OUTPUT CONDUCTANCE (| Yos|) имноз 


907 02 04 от 10 2 345 10 20 
DRAIN CURRENT (10) mA 


L 
DRAIN CURRENT (ip) mA 


FORWARD TRANSADMITTANCE OUTPUT CONDUCTANCE 


DRAIN CURRENT DRAIN CURRENT 
FIGURE 7 FIGURE 8 
CAPACITANCE VOLTAGE CHARACTERISTIC CAPACITANCE VOLTAGE CHARACTERISTIC 
А E 
> = 
p' 5 
4 е 
= об 5 
5 3 
5 "^ Соза%С,,,%07р! FOR ` 2NÀ4I6-I6A $ 
02 Coss* Сязз *O.1pf FOR 284417 5 
` б 
DRAIN-SOURCE VOLTAGE (Ур) VOLTS е в За Фея ve ик на 


SHORT CIRCUIT INPUT CAPACITANCE 
vs. 
GATE-SOURCE VOLTAGE 


FIGURE 10 


FIGURES? | | P d 


GATE-DRAIN CA PACITANCE 
DHAIN SOURCE VOLTAGE 


7 CAPACITANCE VOLTAGE CHARACTERISTIC n " 


GATE-SOURCE CAPACITANCE (Соз) pF 


-3 -4 -5 -6 -7 -8 -9 40-и -12 -13 -14 
GATE-SOURCE VOLTACE (Vs) VOUS 


oa 


52 


GATE-SOURCE, CAPACITANCE 
GATE-SOURCE VOLTAGE 
.FIGURE 11 


HIGH FREQUENCY COMMON SOURCE CHARACTERISTICS 


n* 795 "]b,)mMHOS 


corte tt} 
= EU ПП 
ШЕНІ ШЕГЕН ЕРЕН 
| УУ ДА A 


АШ TT 17 


INPUT ADMITTANCE Yi" ба + бр) mMHOS 


REVERSE TRANSFER ADMITTANCE (у 


0.011 
1 io 100 1000 
FREQUENCY MHz FREQUENCY MHz 
INPUT ADMITTANCE REVERSE TRANSFER ADMITTANCE 2 
FREQUENCY FREQUENCY 
FIGURE 12 i FIGURE 13 
T Е А 


Vos" *i5V 


Мао... 


ty” онь "еру тмноз 


FORWARD TRANSFER ADMITTANCE (у 


оог 
I 10 100 1000 
FREQUENCY MHz FREQUENCY MHz 
FORWARD TRANSFER ADMITTANCE OUTPUT ADMITTANCE 
V. 


VS. S. 
FREQUENCY FREQUENCY 


FIGURE 14 FIGURE 15 "ud Р 


P 


Yis да“ в) mMHOS 


FORWARD TRANSFER ADMITTANCE ( 


HIGH FREQUENCY COMMON SOURCE CHARACTERISTICS 


INPUT ADMITTANCE y, * ду +)b,.)mMHOS 


NOISE FIGURE dB 


0 - -2 -3 -4 -5 -6 -7 в -9 -0 
GATE-SOURCE VOLTAGE (Vgs? VOLTS 


INPUT ADMITTANCE 
GATE-SOURCE VOLTAGE 
FIGURE 16 


- Vos* *15V 


[—1*400MHz 


1 
NORMALIZED DRAIN CURRENT === 
55 


FORWARD TRANSFER ADMITTANCE 
S. 
NORMALIZED DRAIN CURRENT 


FIGURE 18 


Vos* *!5V 
[  lo*SmA 


1000 2000 5000 10000 


D 
юо 200 500 
SOURCE RESISTANCE OHMS 


NOISE FIGURE 
SOURCE RESISTANCE 
FIGURE 20 


© 
f*400*1Hz | 1 
1 


| 
П E 
S55 * S0p MHo 


REVERSE TRANSFER ADMITTANCE (У 70,4,7]5,,)m4H0S 


4 6 B 10 R 14 в в 20 


DRAIN-SOURCE VOLTAGE (рс) VOLTS 


REVERSE TRANSFER ADMITTANCE 
DRAIN-SOURCE VOLTAGE 
FIGURE 17 


OUTPUT ADMITTANCE (yv * 9.4 + ба Imi4HOS 


6 в ю 12 14 16 18 20 
IN-SOURCE VOLTAGE (Ур) VOLTS 


OUTPUT ADMITTANCE 
DRAIN SOURCE VOLTAGE 
FIGURE 19 


NOISE FIGURE dB 


FREQUENCY MHz 


NOISE FIGURE 
FREQUENCY 
FIGURE 21 


Approximate small signal equivalent circuit for 
the 2N4416 Field Effect Transistor. 


DRAIN 
рім? 


un: I. бу » L. 


SOURCE 
Pint 


Approximate small signal equivalent circuit for 
the 2N4417 Field Effect Transistor, 


е------------------------ -- 


NEUTRALIZING | 
сон. ' 


и 


ADJUST Vos FOR 
Ip =5мА 
Vgs«O VOLTS 


EQUIVALENT CIRCUIT 


The 2N4416 and 2N4417 transistors 


аге identical in every respect except for 1. 


their respective package configurations. 
Therefore capacitance values for Cu, 


Cy and C. should be set equal to zero, 2, 


in equation 1 through 4, when comput- 
ing the y parameters for the 2N4417. 


АН of the other circuit component 3. 


values are the same for both devices. 

Typical component values for С,,, Cea, 

Em, and gu, may be obtained for any set 

of bias conditions, from the curves. 

1. Yia == rÍo(C,, + СР + je(C, + C, + 
С.) 


2.y,, = 4? C, (C, + Cy) г, јо Cu ы 
2. У, c 8, —e С, (Cos + C.) т; 7. 
—julC,, + (C,, CL т, ea) 8 
4. Yas c ва, + (C, к, + julC, + Cu + 
С 2n 


Small signal common source y param- 
eter equations for the 2N4416 and 2N- 
4417 Field Effect Transistors. 


DESIG.| 100 MHz |400 MHz 


0.00 


= 
= 
" 


100 MHz & 400 MHz NEUTRAL!ZED AMPLIFIER 


FIGURE 22 


2N4416-16A: JEDEC TO-72 


MECHANICAL DATA 


АЦ dimensions in inches unless otherwise noted 


TERMINAL 
CONNECTIONS 
1—Source 
2—Drain 
3—Gate 

4—Сасе 


p 


8 


in" 


NOTES: 


The above equations are accurate to about 1 
GHz and are good for both the 2N4416 and 
2N4417 Field Effect Transistors. 


The case is connected to the source for the 
common source configuration and to the ле 
for common gate operation. 


C,,, C,, and C, are pin to case capacitances 
for the TO-72 header С, = 0.6 pF, C., = 0.6 
рРЕ.С,, = 0.7 pF. 


4. C, = 0.1 pF. 


г, = 24 ohms for both the 2N4416 апа 2N- 
4417 Field Effect Transistors. 


ва = |y, lat 1000 Hz. 
Ез, = ly,,l at 1000 Hz. 


. All references to 2N4416,are applicable to 


2N4416A. 


TEST CIRCUIT —————— 


NOTES 

1. Amplifier used to mensure power gain and 
noise figure. 

2. Transformed equivalent Source resistsnce 
(Rg’) is 1000 Q at 100 MHz for 100 MHz 
amplifier, and 1000 0 at 400 MHz for 400 
MHz amplifer. 

3. When using 2N4416, pin 4 (case) should 
be grounded. 


4. All references to 2N4416 are applicable to 
2N4416A. 


2N4417: Union Carbide CC-3 


х 1 DBO MAX 
1 


ы 
J (tg 3 | 
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PRINTED IN Ц. $. 


JU 


e VERY HIGH VOLTAGE ([Усьо} -- 150 VOLTS (Min) 

+ LOW NOISE FIGURE ~- 3.0 dB (Max.) @ 1.0 kHz 

• LOW OUTPUT CAPACITANCE (C...) -- 4.0 pF (Мах) 
• HIGH BETA (һи) -- 80-300 (© 10 mA 

+ EXCELLENT BETA LINEARITY FROM 10 А to 50 mA 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Soldering Temperature (10 second time limit) 


Maximum Power Dissipation 
Total Dissipation at 25°C Case Temperature {Note 2] 
at 75°C Case Temperature (Note 2] 
at 25°C Ambient Temperature [Note 2] 


Maximum Voltages 
Мао Collector to Base Voltage 


a Vao Collector to Emitter Voltage [Note 3] 
( Мао Emitter to Base Voltage 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTIC 


Collector to Emitter Sustaining Voltage 
Collector to Base Breakdown Voltage 
Narrow Band Noise Figure (f = 100 Hz) 


Narrow Band Noise Figure (f — 1.0 kHz) 


Narrow Band Noise Figure (f — 10 kHz) 


Wide Band Noise Figure 
(f = 10 Hz to 10 kHz) 


Narrow Band Noise Figure (f = 1.0 МН) 


DC Pulse Current Gain [Note 4] 
DC Pulse Current Gain (Note 4) 
DC Pulse Current Gain [Note 4] 


Common-Base, Open Circuit Output 
Capacitance (f = 1.0 MHZ 


ЗРЕО РА CRIED. DRIVE. ОШ TA? VIEW, CALNE RA, 13.6) 922 S213. E 


MIN. ТҮР. MAX. MIN. ТҮР. МАХ. 


--5596 to +125°C 
+125°C 
+ 260°C 


0.8 Watt 
0.4 Watt 
0.3 Watt 


—150 Volts 
—150 Volts 


— 6.0 Volts 


214889 


UNITS 


NOTES Аһ вететмее m m Net 
(ends ане goed pirog tovt 
Pochage мем n 06 pom 


TEST CONDITIONS 


1: = 2.0тА = 0 
[с = 100 А 1: = 0 
le = 250 pA Мек = -5.0V 
Rs = 1.0 КО В.М. = 15H 

с = 30 pA Үс: = 
В; = 10 ко B.W. 
Іс = 250 pA Үс 
В; = 1.0 КО B.W. 
Іс = 250 „А Va 
В; = 1.0 КО B.W. 


c= 1.0 mA Vee 
Rs = 1.0k9 B.W. 


|< = 1.0 mA Усе 
lc = 10 тА Va = -10У 
Ма = —20V 


Won gn go аи gu 


* Planar is a palented Fairchild process. 
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FAIRCHILD TRANSISTORS 2N4888 e 2N4889 ' | 


e... CHARACTERISTICS (25?C Free Air Temperature unless otherwise noted) 


214888 284889 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


со Collector Cutoff Current Va = —100V | —0 
-100У 1l, —0 


јао (6590) Collector Cutoff Current Ya 
Мег (sat) Pulsed Collector Saturation Voltage lc = 10 тА 
(Моје 4] 
ВҮ ро Emitter to Base 3reakdown Voltage | | ІА 
lio Emitter Cutoff Current Ма 
Үн (on) Pulsed Base Еті! ег On Voltage [Note 41 lc 
Үш (sat) Pulsed Base Satu. ation Voltage [Note 4] le 
Ca. Common-Base, Ореп-Сисий Input 
Capacitance 
he High Frequency Current Gain (f.= 20 MHz) 15 


104A 
—4.0V 


NOTES: у 
(1) These ratings are limiting values above which the serviceabilily of any individual semiconductor device may be impaired. : | 
(2) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 125*C/Watt (derating factor of 8.0 mW/*C); junction to ambient thermal 


resistance of 333°C/Watt (derating factor of 3.0 mW/*C). | з " 
(3) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 


(4) Puise Conditions: length = 300 д; duly cycle = 1%. 


2N4888 
TYPICAL ELECTRICAL CHARACTERISTICS 
DC PULSE CURRENT GAIN 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
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“а” СО СОЖ еи VOLIAGE - VOLIS Ха 7 COULCTOR-LATTR? VOLTAGE - VOLIS Vog COMICIORA A (ER VOLIAGE - VOLIS ве - COLLECTOR сивим - вд 
z BASE-EMITTER ON VOLTAGE 
COLLECTOR CHARACTERISTICS* ~ COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
г” - —; и у ee 
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* Single family characteristic on Transistor Curve Tracer. 2 


FAIRCHILD TRANSISTORS 2N4888 о 2N4889 


20 anos 


TYPICAL ELECTRICAL CHARACTERISTICS 


DC PULSE. CURRENT CAIN 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
"РГР У! 
ЕРИДА 
ГР 


hg = OC PULE CURRENT CAIN 


lg ~ COLUCIOR сүйен! = та 


5: COLUCION сувим! - ma 


a 
< ж ux "но -20 70.01 7045 -0.1 0.5 -1.0 = ~ 


с 
е *2 4 чл ча “Le 0 -10 -20 x w E е 
Мор ~ COUECIOR4MITTER VOUIAGE - VOLTS Te ~ COULCTOR CURRIN] - ал 


Veg - COQECIORARUTER VOLTAGE - VOS 


BASE-EMITTER ON VOLTAGE 


COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 


COLLECTOR CHARACTERISTISS* 


le ~ COLLECTION CURRENT • мА 


Va(/ON). + BAS МИЯ ON VOLTAGE ~ VOLITS 


"af 
o. * COLUCIOR CURRENT - mA 


• 0.2 чл чл чл -L0 " 
“а” COUCIORL MITES МИТА - МО Veg ^ COUECTORHMETTER VOLTAGE ~ VOLTS Vac COUECIORAMITTER VOLIAGE - VOLTS к - COLLECTOR CURRENT ~ mA 


2N4888 e 2N4889 


COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE COLLECTOR CUTOFF CURRENT COLLECTOR CUTOFF CURRENT 
VERSUS COLLECTOR CURREKT VERSUS COLLECTOR CURRENT VERSUS AMBIENT TEMPERATURE VERSUS REVERSE BIAS VOLTAGE 
0.2 ч. 5 А 

: : 

gtn n d • 

| 

M Š a. t 

5 У Е 

5 Е 5 

о. Ре е 

е = e b: 

H = 2 

E қ 

521 493-109 29-0 ж b -ю о 0 ах 41% 
Mg - сомсіов CURRENT - mA 1с - COULCIOR CURRINI - mA Ta 7 ASBICNT пы RATURE - "C Уга © RIERS BIAS WOLIAGL - моту 
INPUT AND OUTPUT | 
CAPACITANCES VERSUS CONTOURS OF CONSTANT GAIN Sie Tali 
REVERSE BIAS VOLTAGES BANDWIDTH PRODUCT (f) 
SWITCHING CIRCUIT 
Ves 
+2.9V 


2ys« РМ < 20% 
75 


a 7,21 омо 
MO ин MOAk бр! 
O 47uF ener T] 
502 a 
-150Ұ 


tonttye = 100” 
tor trp = 750m 


ov 
олук 
кті K T " 
-7.5V = !gi7!g2- 5 Oma 


2 $1 -1.0 
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МАМЫТ TRANSISTORS 2N4888° 2N4889 


2N4589 


TYPICAL ELECTRICAL CHARACTERISTICS 


CONTOURS OF CONSTANT NOISE 


WIDE BAND NOISE FIGURE 
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COLLECTOR CURRENT 


FIGURE VERSUS 


ког 


CONTOURS OF CONSTANT 
NARROW CAND NOISE FIGURE 


CONTOURS OF CONSTANT 
NARROW BAND NOISE FIGURE 


0.2 as 


ae 
fe ^ COLLECTOR CURRENT - ma 


5-с 


CONTOURS OF CONSTANT 
NARROW BAND NOISE FIGURE 


My + SOURCE мямана + Ong 


0.6 . 
Ic 7 COLLECTOR CURRENT - mA 
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е SIGNAL CHARACTERISTICS (f — 1.0 kHz) 


SYMBOL CHARACTERISTIC 
ће Small Signal Current Gain 
he Input Resistance 
hee Output Conductance 
hee Voltage Feedback Ratio 
COMMON EMITTER 
CHARACTERISTICS 
= VERSUS COLLECTOR CURRENT 
ЕЛ Vw |] | ] 
і ЕН ТЕ 
р STÒ еме 
5 
2 16 
= 
5 
к 
8 6.1 
5 
- 3 .. 
6.1 02 6.5 іс 22 5.0 ю 
E бысты ње В — 
t= PATO SEIS LU crore 
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кг 
2% 0.01 oc об 01 


OULICIOR CURRENT - pA 


CONTOURS OF CONSTANT 
NARROW BAND NOISE FIGURE 


“ 


M * кія тик. 


0.2 
Ug 7 CARUCIOR CURRENT - mA 


1с - СОНЯ CUSRENT - mA 


SPOT NOISE FIGURE 
VERSUS FREQUENCY 


10 


lp - СОСТОЯ CURRENI - ma 


2N4888 2N4889 
MIN. ТҮР. МАХ. MIN. ТУР. MAX 
30 40 500 65 150 400 
075 12 20 17 *50 12 
14 25 40 30 10 25 
1.0 25 50 


COMMON EMITTER 
CHARACTERISTICS VERSUS 
COLLECTOR-EMITTER VOLTAGE 
Џ гү 


cc" оу 


CHARACTERISTICS RELATIVE IO VALUE AT V, 


es 


-2 


—— 


ier 


5^y CrCorlry described other than carcuitry entirely emb- „део д in a Ға: 
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- UNITS TEST CONDITIONS 
le = 1.0mA Ver = -10V 
ко lc = 1.0 тА Va = — 107 
umhos lc = 1.0 тА Va = —10V 
x10“ lc = 1.0 тА Ус = —10Y 


COMMON EMITTER 
CHARACTERISTICS VERSUS 
TEMPERATURE 


CHARACICRISHICS MCA LL VE 10 VALUE AT о 
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284936» 214917 


f ` PNP HIGH-SPEED SWITCH AND RF AMPLIFIER 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


* HIGH BETA (ћа) - - 150 to 300 @ 10 mA 

+ HIGH FREQUENCY (f,)-- 450 MHz Min. (2 10 mA 

+ EXCELLENT R.F. PERFORMANCE (r.’C.)--50 ps Max. 
* LOW CAPACITANCE (С...) -- 4.5 pF Max. 

* LOW NOISE (100 MHz N.F.) - - 6.0 dB Max. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 10 sec time limit) 


Maximum Power Dissipation 
Total Dissipation at 25?C Case Temperature [Notes 2 and 3] 
al 25°C Ambient Temperature [Notes 2 and 31 


Maximum Voltages and Current 
Vero Collector to Base Voltage 
Мао — Collector to Emitter Voltage [Note 41 
Мао Emitter to Base Voltage 
lc Collector Current 


4 oO: CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4816 


SYMBOL CHARACTERISTIC MIN TYP. MAX 

ha DC Current Gain 40 70 

ha DC Current Gain 60 100 

"ћи DC Pulse Current Gain [Note 5] 70 150 200 

hs DC Pulse Current Gain [Note 5) 15 30 

Маг (sat). . Collector Saturation Voltage —0.07 -013 

Үс, (sat) Pulsed Collector Saturation —01 —0.14 
Voltage [Note 5] 

Үс, (sat) Pulsed Collector Saturation —0.2 -03 
Voltage [Note 5] | 

Ми (sat) Base Saturation Voltage —0.65 —075 

Ма (sat) Pulsed Base Saturation Voltage -07 -077 -09 
[Note 5] 

Ми (sat) Pulsed Base Saturation Voltage — 0.75 —088 —1.1 
[Note 5] 

t Turn On Time [Note 6] 20 40 

Ки Turn Off Time [Note 6] 95 150 

ћи High Frequency Current Gain 4.0 5.5 
(f = 100 Miz) PEA = 


NOTES: 


PHYSICAL DIMENSIONS 
Epoxy package 
TO-106 


~55°C to +125°C 
+125°C Maximum 
+260°C Maximum 


(RE 100 
- | Lead No. 2 
0.5 Watt / 


0.2 Watt Lead No. 1 / Lead No. 3 
— 30 Volts ^ 
— 30 Volts ht 
--5.0 Volts пл 
100 mA 
NOTES А блегзола m ches 
43 leat бесна у skated trom orm 
Pachage моћ 6 031 gam | 
ЫШ UNITS TEST CONDITIONS 


MIN. ТҮР. МАХ 


100 150 |. = 100 да Ма = -10У 
150 200 le = 1.0 тА Ма = —1.0V 
150 200 300 Kk = 10 тА Уа = —1.0V 
30 * 60 је = 50 тА Va = -10У 
=0.07 —013 Volts -10mA {,=0.) mA 
-01 —0.14 Volts im 10 тА 1, = 1.0 тА 
—02 -—03 Volts 1. = 50 тА |, = 5.0 тА 
—0.65 —075 Volts 1с = 1.0тА | = 01 тА 
—07 -077 —09 Volts к = 10 тА В = 1.0 тА 
075 —088 —11 Volts 1: = 50 тА |, = 5.0 тА 
. 20 40 ‘в le 50 тА In = 5.0 тА 
95 150 п5 1< = 50 тА |, = 5.0 тА 

= –5.0 тА 
45 6.0 lc = 10 тА Ve = —20\у 


° Planar is a patented Fairchild process. 


(1) These ratings are limiting values above which the serviceability of any indiv Jua! semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applicatic is involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 125*C and junction to case thermal resistance of 200° 'C/Watt (derating factor of 5.0 mW/*C); 
junction to ambient thermal resistance of 500* C/Watt (derating factor of 2.0 mW/*C). 


(4) This rating refers 1o a high-current point where collector to emitter vcltage is lowest. 


(5) Putse Conditions: length = 300 ws; duty cycle = 1%. 
(6) See switching circuit for exact values of lc. y,, and 5. 
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ELECTRICAL CHARACTERISTICS (25°C Free 


Air Temperature unless otherwise noted) 


91055 2N4916°¢2N4917 А | 
Esas вили a 2) 


7 284916 204917 0 
SYMBOL CHARACTERISTIC MIN. 1 TYP. МАХ. MI TYP. MAX. UNITS TEST CONDITIONS 
Vero (sust) Collector to Emitter Sustaining —30 —30 Volts [= ла |-0 
Voltage [Notes 4 and 5] (pulsed) 
BY exo Collector to Base Breakdown —30 -30 Volts = 10,4 1 =0 
Voltage 
BY ces Collector to Emitter Breakdown —30 —30 Volts — lc = 104A. V = 0 
Voltage 
BYao Emitter to Base Breakdown -5.0 —5.0 Volts = 0 = 10,A 
Voltage 
lets Collector Reverse Current 25 25 nA Уа = —15V Va = 0 
leis (65°C) Collector Reverse Current 25 25 pA Ve = —15V у =0 
P Open Circuit Output Capacitance 22 45 22 45 pF Ik = 0 Уа = —10V 
T Open Circuit Input Capacitance 4.0 8.0 4.0 8.0 pF 1с = 0 Ya = —05V 
n! t. Collector-Gase Time Constant 50 50 ps lc = 10mA Уа = —20V 
(f = ВО МН?) 
НЕ Noise Figure (f = 100 MHz) 35 60 35 6.0 dB с = 1.0 тА Va = —5.0у 
: | В, = 1009 BW = 15 MHz 
NF Noise Figure [Note 7] 2.5 4.0 2.5 4.0 dB lc = 100 ДА Va = —5.0V 
| Rs = 1.0 kQ 
a o 
TYPICAL ELECTRICAL CHARACTERISTICS 
COLLECTOR-EMITTER 
DC PULSED CURRENT GAIN SATURATION VOLTAGE VERSUS ВАЗЕ SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT COLLECTOR CURRENT VERSUS COLLECTOR CURRENT 
= E 87 
5 H = 
= E x 
= 5 = 
2 B 5 
5 Е Ё 
ë = x 
5 2 
= 5 
5 ж; 
5 чл -1.0 -10.0 "ко 


SWITCHING TIMES VERSUS 
COLLECTOR CURRENT 


SWITCHING ПМЗ. м: 
5 ч 


lc = COLLECTOR Суат 


а 


-mA 


COLLECTOR REVERSE CURRENT 
VERSUS AMBIENT TEMPERATURE 


ГТО arves CUT + м 


lp - COLLECTOR CURRENT - mA 


INPUT AND OUTPUT 
CAPACITANCES VERSUS 
REVERSE BIAS VOLTAGE 


CAPACITANCE = of 


NOISE FIGURE 
VERSUS FREQUENCY 


Меко тс“ 


x! ші м м aw 
1-FRLCA CY - Mew 


86 - COLLECTOR CURRENT ~ mA 


CONTOURS OF CONSTANT GAIN 
BANDWITH PRODUCT (1) 


FRU 


АНА „ИЛ 
РР И ПИЙ 


E 
Ic ~ COLLECTOR CURRENT - mA 


EAJ 
SWITCHING TIME TEST CIRCUIT 


С To $a ^ prs Scope 
Rise Tire е Dew 


T de 95 tapt 2 » ура О 


VR tim = = 
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KO WATT NPN POWER Тл NE 
DirFÜUSED SILICON TLANAHFEPITANIAL Тиер 7 


SsE 235055 9295055 COSI СВЕ. а 


е HIGH POWER. а.а... 50 WATTS @ Тс = 50°C, Ус; = 40V A 
Е BIEN VOLTAGE 222 океан e 80 V (MIN) сео PHYSICAL DIMENSIONS 
e HIGH CURRENT SATURATION VOLTAGE .... 1.5 V (MAX) Vc,(sat) @ 5.0 A (in accordance with JEDEC TO 59 outline) 
* HIGH FREQUENCY ..-.----------. 60 AND 70 MHz (MIN) f, 
е BETA GUARANTEED (О 3 РОІМТ5........ 50 mA, 2.5 A AND 5.0 A ет та X (3 
e ISOLATED COLLECTOR PACKAGE........ NO ISOLATING HARDWARE REQUIRED? Ww C 3 
e DISCRETE EMITTER GEOMETRY WITH INTEGRATED FEEDBACK RESISTORS “, 75 f 
м2 UR t M. { a 
= NOS ү \\ Y \\ / 
А : 984” 3 МУ 
ABSOLUTE MAXIMUM RATINGS (Note 1) bia ANS fos. TN am | селесін 
7 окт" 756% teac ho 3 
Maximum Temperatures . m К "EC 
Storage Temperature Be 22 —65°C to +200°C 


274.9238 
Operating Junction Temperature 24 —65°C to +200°C 
Lead Temperature (Soldering, 60 second time limit) +300°C 


Maximum Power Dissipation * 
Total Dissipation at 50°C Case Temperature, Ус; = 40V 50 Watts rU 
(See Maximum Permissible Power Curve and Note 4) 


10.32 UNF 
Maximum Voltages and Current ЗАО) 
Vees Collector to Emitter Voltage 100 Volts moves: а еа 
Vero Collector to Emitter Voltage (Note 2) 80 Volts 1j eed ee ERR 
Viso Emitter 1o Base Voltage 6.0 Volts 
lc Collector Current 5.0 Amps 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5002 2N5004 
SYMBOL · CHARACTERISTIC MIN. TYP. MAX MIN. ТУР. МАХ UNITS TEST CONDITIONS 


Vego(sust) Collector to Emitter Sustaining Voltage (Notes 2 and 3) 80 lc = 100 mA 
BVces Collector to Emitter Breakdown Voltage 100 Io = 1.0 mA 
ВУ С Emitter to Base Breakdown Voltage 6.0 0 lc =0 

hee DC Pulse Current Gain (Note 3) їс = 50 тА 


hee DC Pulse Current Gain (Note 3) lc = 2.5 А 
ВЕ (—55 °С) DC Pulse Current бат (Note 3) lc = 2.5 А 
hee DC Pulse Current Gain (Note 3) А с = 5.0 А 


hy High Frequency Current Gain (f — 20 MHz) А А 1 А lo = 0.5 А 
Vcelsat) Pulsed Collector Saturation Voltage (Note 3) | 5 43 -0.75 Volts к = 254 
Ve (sat) Pulsed Collector Saturation Voltage (Note 3) р 1 T 15 Volts < =5.0A 


Additional Electrical Characteristics on page 2 *Planar is a patented Fairchild process. 


Notes on page 2 
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FAIRCHILD TRANSISTORS 2N5002 • 2N5004 


LECTRICAL CHARACTERISTICS (25°С Case Temperature unless otherwise noted) 


2N5002 2N5004 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX UNITS TEST CONDITIONS 
Vac(sat) . Pulsed Base Saturation Voltage (Note 3) 116 145 116 145 Volts с —254A lg = 0.25 А 
Vc (sat) Pulsed Base Saturation Voltage (Note 3) 1.50 22 150 22 Volts |- = 50A 1, = 0.5A 
Уз: (on) Pulsed Base Emitter "ON" Voltage (Note 3) 1.45 145 Volts к = 254 Ve, = 50V 
lees Collector Cutoff Current 0.007 10 0.007 10 pA = 60У У = 0 
beso Emitter Cutoff Current 1.0 10 „А і1с--0 Veg = 5.0V 
Ісгх(150%С) Collector Reverse Current 500 500 А Мер = 60V Veg = 2.0V 
Ca Collector to Base Capacitance 90 250 90 250 pF | =0 Veg = 10V 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(3) Pulse Conditions: length = 3005: duty cycle = 1%. 

(4) Contact factory for maximum permissible power under pulsed or reverse biased operating conditions. 


MAXIMUM PERMISSIBLE DC FORWARD BIASED POWER DISSIPATION 


Тс - CASE TEMPERATURE - "С 


"Рр - РОМЕН DISSIPATION – WATTS 


Veg - COLLECTOR TO EMITTER VOLTAGE – VOLTS 


| FAIRCHILD TRANSISTORS 2М5002 • 2N5004 | 


TYPICAL ELECTRICAL CHARACTERISTICS 


o 


COLLECTOR CHARACTERISTICS? COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* 
SATURATION REGION SATURATION REGION SATURATION REGION · 


5 


5 


Те -COLLECTOR CURRENT- AUPS 
16 -COLLECTOR CUARENT- AUPS 
Ic -COLLECTOR CURREXT-AuPS 


о 
о 04 os 12 15 20 о 04 os 12 15 2D о n4 as 12 15 20 
Vcg 7 COLLECTOR ТО EMITTER VOLTAGE -VOLTS Vcg - COLLECTOR TO EMITTER VOLTAGE ~ VOLTS Vcg ~ COLLECTOR TO EMITTER VOLTAGE -VOLTS 


BASE CHARACTERISTICS* BASE CHARACTERISTICS? BASE CHARACTERISTICS* 


Те ~ COLLECTOR CURRCNT-AuPS 
Ic -COLLECTOR CURRENT- AMPS 
Ic- COLLECTOR CURRENT-AMPS 


0 04 ов 12 16 ?0 о 04 ов 12 16 20 
Мас“ 8ASE TO EMITTER VOLTAGE -VOLTS Vpg - BASE TO EMITTER VOLTAGE ~ VOLTS Var - BASE TO EUITTER VOLTAGE - VOLTS 


COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE COLLECTOR CUTOFF CURRENT 
VERSUS COLLECTOR CURRENT : VERSUS COLLECTOR CURRENT VERSUS COLLECTOR VOLTAGE 


5 
LL 
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Veg tse] “COLLECTOR SATURATION VOLTAGE- VOLTS 


УВЕ (set) 7 ВАЗЕ SATURATION VOLTAGE - VOLTS 


8 


20 40 60 во 100 
Vcg -COLLECTOR TO EMITTER VOLTAGE - VOLTS 


Icts-COLLECTOR TO EMITTER CUTOFF CURRENT -pA 
o 


Ic - COLLECTOR CURRENT-4uP$ $ Ic - COLLECTOR CURRENT- AUPS 
COLLECTOR TO BASE CAPACITANCE GAIN BANDWIDTH PRODUCT 
VERSUS REVERSE BIAS VOLTAGE VERSUS COLLECTOR CURRENT 
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“үс! "ли 25002] 


01 002 Cos 0! o2 os 10 20 
Ip - COLLECTOR CLE 5[ A T- Au P$ 


т ~ GAIN BANDWIDTH PRODUCT-UMI 
e 
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Cep COLLECTOR TO BASE CAPACITANCE -” 
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"Single Family Characteristics on Transistor Curve Tracer. 


| FAIRCHILD TRANSISTORS 2N5002 - 2N5004 | 


TYPICAL ELECTRICAL CHARACTERISTICS 


2N5002 
COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* | 
ACTIVE REGION ACTIVE REGION 


20 


Те -COLLECTOR CURRENT-AuPS 


~ 
о 


16: COLLECTOR CURRENT- AUPS 
Ic * COLLECTOR CURRENT~AMPS 


о 20 40 60 80 ю 20 40 60 o 10 o 20 40 60 во ю 


Veg - COLLECTOR TO EMITTER VOLTAGE -VOLTS Vcg - COLLECTOR TO EMITTER VOLTAGE - VOLTS Усе - COLLECTOR TO EMITTER VOLTAGE - VOLTS 
DC PULSE CURRENT GAIN - SWITCHING TIMES VERSUS 
VERSUS COLLECTOR CURRENT COLLECTOR CURRENT 
10 


60 


40 


hee = OC PULSE CURRENT GAIN 


n 
00} 002 005 01 O2 05 10 20 50 


16 - COLLECTOR CURRENT-AMPS 


1 - COLLECTOR CURRENT- AMPS 


2N5004 
COLLECTOR CHARACTERISTICS? COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* 
ACTIVE REGIO ACTIVE REGION E ^. ACTIVE REGION 


lc -COLLECTOR CURRCNT- Aups 
Ic - COLLECTOR CURRENT- AuPS 
Ic - COLLECTOR CURRENT-AuPS 


0 20 40 60 80 10 7 о 20 40 60 20 10 


Vcp - COLLECTOR TO EMITTER VOLTAGE -VOLTS | Ұс COLLECTOR то (WITTER VOLTAGE- VOLTS Усе - COLLECTOR 10 EMITTER VOLTAGE -VOLTS 
DC PULSE CURRENT GAIN SWITCHING TIMES VERSUS 
VERSUS COLLECTOR CURRENT COLLECTOR CURRENT 
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*Single Family Characteristics on Transistor Curve Tracer. 


/ ы ” MARCH 196 


s , .~ dre =. = 


< Un 


AAG Te jS 


‘e RO ОЉА ТО ОЭ Эрн TDA! iid с 
Ka Z su mM. tk E "ue . Ne mo LÀ 34V we F "um 


Бег АШ ЕВО SILICON PENNAR ОТАСЫН Tug os a! 


SEE 2N5002 • 25004 FOR NPN COMPLE ERT 


FEATURES 
* HIGH POWER--50 WATTS @ Тс = 50°C, Ус, = — 40 У PHYSICAL DIMENSIONS 
е HIGH VOLTAGE -- —80V (MIN) сео (in accordance with ЈЕРЕС 10-59 outline) 
• HIGH CURRENT SAT. VOLTAGE-- —1.5 V (MAX) Vo;(sat) @ 50А Ра ge "2 
* HIGH FREQUENCY - - 60 AND 70 MHz (MIN) f, 
e BETA GUARANTEED (2 3 POINTS - - 50 mA, 2.5 A AND 5.0 A . 
mitter 4 
* ISOLATED COLLECTOR PACKAGE - - NO ISOLATING HARDWARE REQUIRED Lead No. 1— | 
* DISCRETE EMITTER GEOMETRY WITH INTEGRATED FEEDBACK RESISTORS - Coliector 
| 3 leac мо 3 
"ABSOLUTE MAXIMUM RATINGS (Note 1) aa 
Maximum Temperatures з teas 065 р. 
Storage Temperature — 65°C to +200°C 
Operating Junction Temperature — 65°C to +200°C 
Lead Temperature (Soldering, 60 seconds time limit) 4-300*C 
Maximum Power Dissipation 
Total Dissipation at 50°C Case Temperature, Veg =— 40V 50 Watts i Rite Ao rm 
(See Maximum Permissible Power Curve and Note 4) 
Maximum Voltages and Current i No SL iun qi 
Vers Collector to Emitter Voltage — 100 Volts Package mehi os 6 44 grams 
( Vero Collector to Emitter Voltage (Note 2) — 80 Volts 
Veso Emitter to Base Voltage — 5.5 Volts 
lc Collector Current 5.0 Amps 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5003 . 2N5005 
SYMBOL CHARACTERISTIC MIN. ТУР. MAX MIN. ТУР. МАХ UNITS TEST CONDITIONS 


Veeo(sust) Collector to Emitter Sustaining Voltage (Notes 2 and 3) — —80 Volts fo = 100 тА 
—100 Volts Ic = 1.0 тА 
Volts Io =0 


5 133 Ic = 50 тА 


BY ces Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
DC Pulse Current Gain (Note 3) 


DC Pulse Current Gain (Note 3) 


ВУ во 


5 bee 


114 200 Ic =2.5A 


hre 
90 . < = 2.5А 


НЕ (—55°С) DC Pulse Current Gain (Note 3) 
ЋЕ DC Pulse Current Gain (Note 3) 77 lc =5.0А 
hie High Frequency Current Gain (f = 20 MHz) " 3.0° 4.05 3.5 4.85 Ic =0.5А 
Veg (sat) Pulsed Collector Saturation Voltage (Note 3) —0.45 —0.75 - 0.45 —0.75 Volts lc = 2.5 А 
Ус: (sat) Pulsed Collector Saturation Voltage (Note 3) i —0.9 —1.5 —0.9 —1.5 Volts < =5.0А 


Additional Electrical Characteristics on page 2 *Planar is a patented Fairchild process. 
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| FAIRCHILD TRANSISTORS 2N5003 * 2N5005 | 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5003 2N5005 

SYMBOL CHARACTERISTIC MIN. ТҮР. MAX MIN. ТУР. МАХ. UNITS TEST CONDITIONS 

Ме (sat) Pulsed Base Saturation Voltage (Note 3) —1] —1.45 -11-145 Volts [= 254 lg == 0.25 А 

Vc (sat) Pulsed Base Saturation Voltage (Note 3) —1.55 —2.2 —1.55 —2.2 Volts Ic = 50A lg = 05A 

Уве (on) Pulsed Base Emitter “ОМ” Voltage (Note 3) —145 —145 Volts 12 =2.5А Veg = —5.0 V 

lees Collector Cutoff Current 0.006 1.0 0.006 1.0 нА Yea = —БОМ V4 —0 

leso Emitter Cutoff Current 1.0 1.0 нА Ie = 0 Vag = 4.0 V 

Ісех(150%С) Collector Reverse Current . 500 500 нА Veg m – 60У Vy = 20V 

Ca Collector to Base Capacitance 170 250 170 250 РР dgz0 Veg = — 10V 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconduclor device may be impaired. 
(2) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 


(3) Pulse Conditions: length = 300,s; duty cycle = 1%. 
(4) Contact factory for maximum permissible power under pulsed or reverse biased operating conditions. 


MAXIMUM PERMISSIBLE DC FORWARD BIASED POWER DISSIPATION 


Pp - POWER DISSIPATION - WATTS 
o 
To- CASE TEMPERATURE -°C 


200 
= 90 


0 — 10 — 20 — 30 — 40 — 50 — 60 — TO — 80 


Vcg - COLLECTOR TO EHITTER VOLTAGE - VOLTS 


COLLECTOR CHARACTERISTICS 
SATURATION REGION 


Ic -COLLECTOR CURRENT-AuPS 


Veg ~ COLLECTOR TO EMITTER VOLTAGE -VOLTS 


BASE CHARACTERISTICS 


Ig - COLLECTOR CURRENT- AUPS 


УВЕ - BASE TO EMITTER VOLTAGE - VOLTS 


COLLECTOR SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


VOLTAGE - VOLTS 
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Ic- COLLECTOR CURRENT-AMPS 


Уса) COLLECTOR SATURATION 


COLLECTOR TO BASE CAPACITANCE 
VERSUS REVERSE BIAS VOLTAGE 
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TYPICAL ELECTRICAL CHARACTERISTICS 


Ic * COLLECTOR CURRENT-amps 


Ic * COLLECTOR CURRENT- Aups 
~ 
о 


=. 
o 


0 -04 


VBE (sei) -BASE SATURATION VOLTAGE -VOLTS 


Ceb- COLLECTOR TO ВАЗЕ CAPACITANCE + pF 
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COLLECTOR CHARACTERISTICS 
SATURATION REGION 
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Veg - COLLECTOR TO EMITTER VOLTAGE - VOLTS 


BASE CHARACTERISTICS 
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BASE SATURATION VOLTAGE YS. 
COLLECTOR CURRENT 
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COLLECTOR CHARACTERISTICS 
SATURATION REGION 


Ic COLLECTOR CURRENT- AMPS 
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GAIN BANDWIDTH PRODUCT 


VERSUS COLLECTOR CURRENT 
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| FAIRCHILD TRANSISTORS 2N5 
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COLLECTOR CHARACTERISTICS 


Jg COLLECTOR CURRENT-aup 
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0 -20 -40 -60 -во -10 
Veg - COLLECTOR TO EMITTER VOLTAGE - VOLTS 


TYPICAL ELECTRICAL CHARACTERISTICS 


215003 


COLLECTOR CHARACTERISTICS 
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Vcg ~ COLLECTOR TO EMITTER VOLTAGE - VOLTS 
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DC PULSE CURRENT GAIN 
VERSUS COLLECTOR CURRENT 
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COLLECTOR CHARACTERISTICS 
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COLLECTOR CHARACTERISTICS 
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SWITCHING TIMES VERSUS 
COLLECTOR CURRENT 
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5 


8 


Mr * DC PULSE CURRENT GAIN 


SWITCHING TIMES- М 


COLLECTOR CHARACTERISTICS 
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NPN HIGH-SPEED SATURA 


o DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 


* HIGH FREQUENCY CURRENT GAIN... f; = 400 MHz (MIN) PHYSICAL DIMENSIONS 
e LOW CAPACITANCE... ........- Са = А pF (MAX) In accordance with JEDEC (10.105) оле 
e LOW CHARGE STORAGE ИМЕ. ..... те = 18 ns (МАХ) 222 

ПОИ S21) se эра tecum ta 0.2 VOLT (МАХ) AT 10 mA 


ABSOLUTE MAXIMUS RATINGS (Note 1) 
Maximum Teraperatures 


Storage Temperature —-55°C to 4-125*C 
Operating Junction Temperature 125°C Maximum 
Lead Temperature (Soldering, 10 second time limit) 260°C Maximum 
Maximum Power Dissipation 
Tota! Dissipation at 25* C Case Temperature (Notes 2 and 3) 0.5 Watt 
at 25* C Ambient Temperature 0.2 Watt 
Maximum Voltages and Current са. ШИР..." 
Үсво Collector to Base Voltage 20 Volts 
Vees Collector to Emitter Vottage 20 Volts 
Vero Collector to Emitter Мо гре 10 Volts - 
Viso Emitter to Base Voltage . 3.5 Volts 
lc Collector Current (10 xs Pulse) 500 mA 
lc DC Collector Current 100 mA NOTES: дн é-mensions en inches 
AT Pasta electiicolly solated trom tase 


Package eeightis О 3) grom Paceage 
is elerttnically non-conductive malenal 


ELECTRICAL CHARACTERISTICS (25*C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS MIN. TYP. MAX — UNITS TEST CONDITIONS 
hee DC Pulse Current Gain (Note 5) 20 66 150 Ic = 10 тА Усе = 10У 
hee DC Pulse Current Gain (Note 5) 15 7: lc = 30 mA Veg = 04V 
Nee DC Pulse Current Gain (Note 5) 40 [с = 100 mA Усе = 10у 
Ув (sat) Base Saturation Voltage n.70 0.80 0.90 Volts fe = 10 тА I, = 1.0 тА 
Vgc (sat) Base Saturation Voltage 0.72 0.85: 110 Volts |с--10тА lg = 3.3 тА 
Vac (sat) Base Saturation Voltage 0.90 Volts 1с = 30 тА 1, = 3.0 mA 
Vc (sat) Base Saturation Voltage 1.10 Vols — lc = 100 mA lg = 10 тА 
Ve, (sat) ^. Collector Saturation Voltage 0.14 0.25 Volts к = 10 mA 1, = 1.0 mA 
УсЕ(5а1) Collector Saturation Voltage 0.12 0.20 Volts — lc = 10 mA 1, = 3.3 mA 
Vo, (sat) Collector Saturation Voltage 0.17 а Vots 1с = 30 тА lg = 3.0 тА 
Veg(sat) (465°C) Collector Saturation Voltage | _ 019 . Моб Ic = 10mA 1, = 1.0 mA 
Vc, (sat) Collector Saturation Voltage 0.28 7 Volts с = 100 mA I, = 10 mA 
ће High Frequency Current Gain (f — 100 MHz) 2.5 5.75 1с = 10 тА Усе = 10V 
Cab Collector-Base Capacitance “23 4.0 pF Ip = 0 Veg = 5.0V 
legs Collector Reverse Current И 0.05 040 yA + Уе = 15У Vig = 
Їсво(65* C) Collector Cutoff Current 1.0 10 pA lp = 0 Veg = 15V 
BYcts Collector to Emitter Breekdown Voltage 20 . Volts lc — 104A . Vee = 0 
ВУсво Collector to Base Brezkdown Voltage 20 Volts lc = 10 pA lp = 0 
Vceo(sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) 10 Volts [с = 10 mA (pulsed) 1, =0 
BVteo Emitter to Base Breakdown Voltage 3.5 Volts Ic =0 1; = 10 pA 
т, Charge Storage Time Constant (Које 6) | 7.0 18 ns le = la = 10 mA, Hh, == —10 mA 
T Turn On Time (Note 6) 8.0 18 ns 1с == 10 тА, f, ~ 3.3 mA 
tor © Turn Off Time (Note 6) ` 70. 18 ns Ic = 10 mA, I,, = 3.3 mA, 

Ij; = —3.3 mA 


*Planar is a patented Fairchild process. 
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ГАСИ PRANSIS TON 21521454 | жүзе 


CHARGE STORAGE TIME MEASUREMENT CIRCUIT 


“> 8900 01 1kQ 
. ir 


0 аи i 
бу —— 10%» Pulse wavelorm 
Vin 0 at point "A" 
-10 -4Ұ 


Pulse Generator 

Vin Rise Trme < 1 ns 
Source Impedance = 500 
Pw > 300 ns 

Duty Cycle «25 


E 


To Sampling Oscilloscope 
Input Impedance = 500 
Rise Time < 1 ns 


ton — tor MEASUREMENT CIRCUIT 


2200 0. ДАЕ 
9 Vout 


1 $$$ 

Vin Ving 9—i 10% 
10% Vin 

0 

| и. 90% 
|] ee % 0.0023 10.0023 
on Vap=-3V uF F - i 
Vin = 415.25Ұ -10.005xF]0.005aF Vpg* *12.0 V 
( і Vin? -20.9 У 


Pulse Generator 

Yin Rise Time < 1 ns 
Source Impedance = 500 
Pw 2 300 ns 

Duty Cycle «25 


To Sampling Oscilloscope 
Input Impedance = 500 
Rise Time < 1 ns 


CIRCUIT FOR MEASUREMENT ОБ PROPAGATION DELAY 


— — — -n-ti 
soo 5100 5100 $5100 ұза 
тко 
Pulse Generator : 
1, < 0.5 ns 
70 = 500 WAVEFORM 1 B STAGES WAVEFORM 2 


Waveforms 1 and 2 Superimposed 


s ТЕЗ! 
et 1 
tpe 20 


ipd = Average Propagation per Transistor 


NOTES: : 

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulled on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a saximum junction temperature of 125°C and junction 10 case thermal resistance of 200*C/Watt (derating factor of 5.0 mW/*C). Junction to ambien 
thermal resistance of 500*C/Y/astt (derating factor of 2.0 mW/*C). 

(4) Raling refers to a high-current point where collector to emitter vollage is lowest. 

(5) Pulse Conditions: length = 300 из; duly cycle = 1%. 


(6) See switching circuits for exact value of lc. І,, and laz- 
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CNET 
PNP HIGH-SPEED SWITCH AND RF'AMPLITrIER 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 


> 


PHYSICAL DIMENS:ONS 


е HIGH ВЕТА ..... .. hee == 150 (TYP) AT 10 mA In accordance with ЈЕРЕС (TO 106) олипе 
е HIGH FREQUENCY . . . f, = 500 MHz (ТҮР) АТ 10 mA 222 

e LOW CAPACITANCE... Со, = 22 pF (ТҮР) | 

e HIGH VOLTAGE... .. Шево = 20 VOLTS (MIN) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
'aximum Temperatures 


Storage Temperature —55°C to 4-125?C 

Operating Junction Temperature +125°C Maximum 

Lead Temperature (Soldering, 10 second time limit) +260°C Maximum 

faximum Power Dissipation (Notes 2 and 3) 

Total Dissipation at 25°C Case Temperature ` = 0.5 Watt 

at 25°C Ambient Temperature | 0.2 Watt 
Maximum Voltages and Current 

Veso Collector to Base Voltage —20 Volts 

Vero Collector to Emitter Voltage (Note 4) —20 Volts 

Veso Emitter to Base Voltage | —5.0 Volts | 

lc Collector Current : 100 mA NES чота 


Package weght es 0.31 gram Package 


is electrically non cendurtve material 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
SYMBOL CHARACTERISTICS А MIN. TYP. MAX. UNITS TEST CONDITIONS 


hee DC Current Gain 30 70 1с = 100 4A Veg = —10 V 
hee DC Current Gain 40 100 lc = 1.0 mA Ус: = —10V 
hee DC Pulse Current Gain (Note 5) ) 40 150 Іс = 10 тА Ус,  —1.0Y 
ha DC Pulse Current Gain (Note 5) 15 30 lc = 50 mA Veg = —10V 
Үсе(21) Collector Saturation Voltage —0.15 Volts lc = 1.0 мА I, = 0.1 тА 
Veg (Sat) Pulsed Collector Saturation Voltage (Note 5) | | —0.20 Volts lc = 10 mA lg = 1.0 тА 
Үсг(5а!) Pulsed Collector Saturation Voltage (Note 5) —0.2 —0.5 Volts lc = 50 тА lj = 5.0 mA 
Vyc(sat) Pulsed Base Saturation Voltage (Note 5) —0.7 —0.77 —1.0 Volts Ic = 10 тА 1, = 1.0 mA 
Ув: (sat) Pulsed Base Saturation Voltage (Note 5) —0.75 —1.25 Volts lc = 50 тА 1, == 5.0 mA 
Turn On Time (Note 6) | 50 ns lc == 50 mA Тр = 5.0 mA 
Turn Off Time (Note 6) 200 ns іс == 50 тА lg; = 5.0 тА 
: lg; = —5.0 mA 
High Frequency Current Gain (f — 100 MHz) 3.0 5.0 le = 10 тА Yee = —20Y 


Additional Electrical Characteristics on page 2 “Ріапағ is a patented Fairchild process. 

NOTES: . 

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulled on applications involving pulsed or low duly cycle operations. 

(3) These ratings give a maximum junction temperature of 125°C and junction lo c case thermal resistance of 200* C/Watt (derating factor of 5.0 mW/*C); junction to ambient Thermal 
resistance of 500*C/Watt (derating factor of 2.0 mW/*C). 

(4) Rating refers to в high-current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication АРР-4/2. 

(5) Pulse Conditions: length = 300 ys; duly cycle = 1%. 

(6) See switching circuit for exact values of Ic, ћи, and lez. 
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ad 


FAIRCHILD TRA !SISTOR 215138. ' 


NOTES: 


(1) These ratings are limiting values above which the serviceabilily of any-individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed ог low-duty cycle operations. 

(3) These ratings give а maximum junction temperature of 125°C and juntlion to case thermal resistance of 200* C/Watl (дега пр factor of 5.0 mW/*C); junten to ambient thi 
resistance of S00* C/Wat! (дега пр factor of 2.0 mW/*C). * 

(4) This rating refers to a high-cutsent point where collector to emitter voltage із lowest. 

(5) Pulse Conditions: length = 300 us; duty cycle = 1%. 

(6) Rs = 10 КО, Power Bandwidth of 150 Hz. 

(7) Rs == 10 kQ, Power Bandwidth of 15.7 kHz with 3.0 dB points at 10 Hz and 10 kHz. 

(8) Rs == 1.0 КО, Power Bandwidth of 150 Hz. 
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BOX 209212. РНОГ МІХ, ARIZONA 25056 


PNP SILICON ANNULAR* 
AMPLIFIER TRANSISTORS 


PNP SILICON ANNULAR* 
AMPLIFIER TRANSISTORS 


MAY 1969 — 05 5327 


| 5 — = 
| . . . designed for general-purpose, high-voltage amplifier and driver 
| applications. 
| 


е High Collector-Emitter Breakdown Voltage — 
ВУСЕО = 60 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U55 
80 Vdc (Min) G Ic 7 1.0 mAdc — MPS-U56 


o High Power Dissipation — Pp = 5.0W @ Tc = 25°C 
9 Complements to MPS-UO5 and MPS-U06 


28 NEW ADDRESS & PHONE. 


HAMILTON ELECTRO SALES 
1400 West 46th Ave./DENVER, COLORADO 80216 
се PHONE: (303) 433-8551/TWX: 910-931-0580 


EFFECTIVE APRIL 1st, 1969 


MAXIMUM RATINGS 


Сопестог-Е miter Voltage 


Collector-Base Voltage 


га 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ T4 = 259С 
Derate above 259C 


Tota! Device Dissipation @ Tc = 25°C 
бегәле above 25°C 


Operating and Storage Junction 
Temperature Range 
' 


THERMAL CHARACTERISTICS 


Symbol Max 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ЕВС 


0.015 (HOM) ЊЕ же (NOM) 
[ 0.200 (0M) 


Collector connected 
10 tab 


CASE 152 | 


= 


- - 
бота Semiconductors Patented by F*ororola Inc. 


ЕМАС CHARACTERISTICS (TA = 259C unless otherwise noted) | $ 


OFF CHARACTER!STICS ! 


| Collector-Emitter Breakdown Voltage -| ВУСЕО Vde | 
| (ig = 1.0 madc, Ig = 0) MPS-UOS ` 60 = - 7 | 
| МР5-006 80 - = 
Emitter-Base Breakdown Voltage BVEBO 4.0 == | = Мас 
ЦЕ = 100 џАдс, Іс = 0) 
! Collector Cutoff Current 'сво пАдс 
(Vcg = 40 Мас, Ig = 0) МР5-005 - -- 100 
(Vcg * 60 Мас, ЈЕ = 0) МР5-006 - - 100 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 50 mAdc, Vcg = 5.0 Vdc) 
{Ic = 250 mAdc, Vcg = 1.0 Vdc) 
(Ic = 250 mAdc, Vcg = 5.0 Мас) 
(ic = 500 тАчс, Vcg = 5.0 Мас) 


oo M —— 
: Collector-Emitter Saturation Voltage VCE (sat) Vde 
lic = 250 mAdc, Ig = 10 mAdc) 


| lic = 250 mAdc, Ig = 25 паде) 


! Base-Emitter Saturation Voltage 


|- VBE (sat) 
| (ic = 250 mAdc, Ig = 25 тАас) ` 


‚ Base-Emirter On Voltage VBE (on) 


(с = 250 mAdc, Vcg = 5.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain —Bandwidth Product 
{ic = 250 mAdc, Vcg = 5.0 Мас, f = 100 MHz} 


i Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


| Input Capacitance 
| {УВЕ = 0.5 Мдс, Іс = 0, f = 100 kHz) 


FIGURE 1 — TYPICAL DC CURRENT GAIN 


ТА = 25°C 
УСЕ = 50 Vde i 
VBE(sat) @ Ic/ig * 10 — 
z " ІІ мені: 
= = : xc sa NN NN i 
- г T 1 VBE lon) € УСЕ * 5.0 Vác _ 
5 > | f 
æ w 
E о 
8 5 
o 5 
% % 
Р > 
10 20 30 50 70 10 20 30 50 70 100 200 300 500 10 20 30 50701 20 30 50 70 100 200 300 500 
А Ic. COLLECTOR CURRENT (тА) 


Ic. COLLECTOR CURRENT (mA) 


FIGURE 3 – DC SAFE OPERATING АПЕА ы 


20 А 
T 

DE 
E ма There аге two limitations on the power handling ability of a 
B 5 transistor: junction temperature and secondary breakdown. Safe 
~ i3 operating area curves indicate Ic — Vcg limits of the transistor that 
s must be observed for reliable operation; i.e., the transistor must 
s 01 not be subjected to greater dissipation than the curves indicate. 
5 007 The data of Figure З is based on T рк) = 135°C; Тс is variable 
= 005 it depending en conditions. At high case temperatures, thermal 
ТТ — aime тега неке ЕВЕ limitations will reduce the power that can be handled 10 values less 
Роб? Е. ен = than the limitations imposed by secondary breakdown 

0 01 aE | 

12 20 30 50 7D 10 22 з 60 80 100 


Veg. COLLECTOR EMITTER VOLTAGE (VOLTS) 


vA PZOTOROLA Sensiconcuccoor Frocducts fnec. 
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BOX 20912. PHOENIX, ARIZONA 85036 


NPN SILICON 
AMPLIFIER TRANSISTORS 


MAY 1969 — DS 5326 


applications. 


o High Collector-Emitter Breakdown Voltage — 
ВУСЕО = 60 Мас (Min) & Ic = 1.0 mAdc — MPS-U05 


80 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U06 
© High Power Dissipation — Ро = 5.0W © Tc = 259c 
9 Complements to MPS-U55 and MPS-U56 


| 
NPN SILICON ANNULAR* 
| AMPLIFIER TRANSISTORS 
. . . designed for general-purpose, high-voltage amplifier and driver 


NEW ADDRESS & PHONE 
HAMILTON ELECTRO SALES . 
1400 West 46th Ave./DENVER, COLORADO 80216 
PHONE: (303) 433-8551/TWX: 910-931-0580 


) EFFECTIVE APRIL ist, 1969 
Ф.... RATINGS 
| Rating | Symbot | МР$-005 MPS-U06 | 
| Cotiector-Emitter Voltage = УСЕО 60 80 p 
| Collector-Base Voltage | Усв 60 80 | 0.350 
| Emitter-Base Voltage ! Veg 4.0 | 0.315 


! 

| Collector Current — Continuous | 4 
0 pictus 
Total Device Dissipation @ Ta = 25°C \ | ш { 0.055 


Derate above 25°C | 0155 (==) қ 
0.165 
| | S L^ TYP 


Temperature Range 


THERMAL CHARACTERISTICS е 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


0.015 (NOM) "е! 


0.100 (NOM) 
| 0.200 (NOM) 
| 


ғ | Collector connected 


10 tab 


CASE 152 


" пешае Semicondoctors Patenied by Motorola Inc. -------- ------ 


|o 


(V = 15 Vdc, І = 4. 0 mAdc, f = 100 MHz) 2N5485, 2N5486 
DS (4 D 3, 
(V = 15 Vde, I, = 4. 0 mAdc, f = 400 MHz 2N5485, 2N5486 
DS D 
FIGURE 1 - 100 MHz & 400 MHz NEUTRALIZED AMPLIFIER 
[тты ыы и 71 М Reference VALUE 
NE а 
| LC | 1 Е 4 ! Designation 100 MHz 400 MHz 
П 2 c 1-12 pF 0.8-8.0 pF 
|| E. K 1 йе 1 000 pF 21pF 
INPUT 1 > X D с, | то 502 с, 1 р 
= $ > Шығ с; 1-12 рғ 0.8-8.0 pF 
ома l Жу | SHIELD | Ci ЛАРЕ Pu 
1 1 NOTE: с 1-12 pF 0.8- B. O pF 
П Cc CASE | қ Я 0.001 uF 
[- = 28 The noise source ів а hot-cold body Се 0.0015 pF . 
M = = ва 7: A rn E (AIL type 70 or equivalent) with a 0. 001 
| Connon | у test receiver (AIL type 136 or с; 0. 0015 Е aA 
v Ip = 5-0 mA equivalent). Li 3.0 H° 0.2 „о 
a$v t, 0.25 ин” 0.03 ue? 
ADJUST Vog FOR L 0.34 „не 0. 022 .H** 
1, = 5.0 mA 3 
У. < 0 VOLTS 


ELECTRICAL CHARACTERISTICS (continued) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance pmhos 
Vos =15 Vdc, Vos =0, f = 1.0 kHz) 2N5484 3000 6000 
255485 3500 7000 
2N5486 4000 8000 
Forward Transconductance кше 
Wis = 15 Vdc, V =0, f = 100 MHz) 2N5484 
(V, с = 15 Vdc, У, = 0, f = 400 MHz) 285485 
Bs ' 65 | 255486 
Output Admittance pmhos 
(V = 15 Vdc, У 0, f = 1.0 kHz) 2N5484 - 50 
ES cs” 2N5485 - 60 
2N5486 * 15 
Output Conductance . pmhos 
Vos = 15 Vde, Ves = 0, f = 100 MHz) 2N5484 75 
100 


2N5485, 2N5486 


-- 
n 


= 15 Vdc, ү. = 0, f = 400 MHz) 


ps GS 


Input Conductance 


(Ура = 15 Vde, Vog = 0, 


255484 


- 
n 


100 MHz) 


(У „с = 15 Мас, V 255485, 2N54B6 


— 
п 


400 MHz) 


DS Gs ^ 


Input Capacitance 
Vos =15 Vdc, V 


{ = 1.0 MHz) 


cs 7% 


Reverse Transfer Capacitance 
Vos = 15 Vdc, Vas =0, [=1.0 MHz) 


Output Capacitance 


(Vos = 15 Vde, Vaa = 0, f = 1.0 MHz) 


GS 


Common-Source Noise Figure 


(Vos = 15 Vdc, Vas = 0, Re = 1.0 Megohm, f =1.0kHz) All Types 
(Vps = 15 Vdc, Ip = 1.0 mAde, Ry = 1.0 k ohm, 2N5484 
1 = 100 MHz) 
(Уг = 15 Vdc, m = 1.0 таАдс, Вс = 1.0 К ohm, 2N5484 
4 = 200 MHz) 
re шә J 
Vis = 15 Vdc, Ip = 4.0 mAdc, Вс = 1.0k ohm, 2N5485, 2N5486 
{ = 100 MHz) | 
= pa ES N N 
(Vps 7 15 Vdc, Ip = 4.0 mAdc, Ке 1.0 k ohm, 2N5485, 2N54B6 
І = 400 MHz) . 
Insertion Power Gain 
Vos = 15 Vdc, Ip = 1.0 mAdc, f = 100 MHz) 2N54B4 
(Улс = 15 Vde, І = 1.0 mAdc, f = 200 MHz) 2N5484 


DS D 


РОТ СРС А 


GS 


17 turns (approximately - depending upon circuit layout), 
AWG #28 enaincled copper wire, close wound ол 9/327 
ceramic coil form. Tuning provided by а powdered 
iron slug. 


4 1/2 turns, AWG 418 ezanicled copper wire, 5/167 lorg, 
3/6" 1. D. (AIR CORE). 
3 1/2 turns, AWG PJE crameled cop;er wire, 
3,B"1. D. (AIR CORE). 


1/4" long, 


1. 


2 


Ро еее vou 


6 turns (approximately - depending upon circuit layout), 
AWG #24 enaincled copper wire, close wound on 7/32" 
ceramic coil form. Tuning provided by an aluminum 
slug. 


Tiurn, AWG #10 ci.aneled copper vire, 


1/2 turn, AWO #16 «r.nclcd copper wire, 1,4 


3 E" I. D. (AIR CORE). 


“L D. (AIP TORE). 


[rogus irc. 


whe | МУ ЧУЧУ OILUCUIJ ТООП Vi 


„—-— =» - ---- - - = - == ..- - - . - - 


—— 


ў FOR POVER-AMPLIFIER AND VICH-SPEZD-SWITCERSG APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH T1229, ТІР29Д 


e 30 Waits at 25°C Cuse Temperature 
o 1A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 200 mA 


8961 Aint "9560189 5-19 ON NUINING 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL PITEIECHANCIEABLUTY OF TO 
PLASTIC РАСКАСА WITH 1O-< OUTLINE 


0120 50 IN MIN METAL 
АНА БОВ CONTACT 
WITH MEAT SINK 


ALL DIMENSIONS Atl тч ВХ 


ad 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


—_-— 


ПРЗО ТІРЗОА 
Collector-Base Voliage . . . 0. 0. 0... . . . . . . . . . . . . . 40V 60У 
СоПесіог-ЕтіНег Voltage (See Note 1) . . 0. . . . . 0. ee . . . . . -40У 60У 
Етїйег-Возе Vohħhage « as G&S wa we x o» Oe Saw ШЫ 5. <— -5V —> 
Continuous Collector Current „о. . . . . . 0... . ........ <— ЛА — > 
Continuous Base Current. . an. < 5 . ooo e s. s. ew 0.4 А —» 
Safe Operating Recion at (or below) 25*c Case ена e. . . . . . . бее Figure 2 
Continuous Device Dissipation at (or below) 25*C Case Temperature (See Note 2) . . <— 30 W —> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . <—~ 2 У ——> | 

Operating Collector Junction Temperature Range. . a . . . . . . . . . . —65?C to 150°C 
Storage Temperature Range. a . . . . 2... . . . . . . . . . . . —65*C to 150°C | 
Leod Temperature % Inch from Cose for 10 Seconds. . . . . . . . . s owe 260" C ——S. р 

KOTES: 1. These wclues opply when the Бозе-ел Мег diode із open-circvited. | . 
2. Derote Bireorly 10 150°C cose temperature of the role of 0.24 W/deg. 
R 3. Derote Sineorly 1o 150°C free-air Vezgeroture of the гаје of 16 mW/deg. | 
TEXAS INSTRUMENTS 6135 
ORPORAI 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


1 > 2SLR 


А ош ћ da Al 
Куш оу ~ ВО 
„же к. М 


P-N-P SINGIE-DISSUSED SILICON POWER TRANSISTORS 


Ju rm 


бо electrical characteristics at 25°C case temperature 


TIP30 TIP30A 


PARAIAETER TEST CONDITIONS IN MAX | ММ MAX 


Visayceo Collector-Emitter Breakdown Voltage] lc = —30 тА, в =0, See Note 4 —60 ЕШ 
со (їшї И.Б ИЧЕ ә) аз а 


Ices Collector (ой Current 


leso Emitter Cutoff Current | ___-1 | па | 
i = lc = —0.2 A, See Notes 4 ond 40 200 E 
10 


Stafit Forword Current 
hee Transfer Ratio 
г А Б 


Ic = —1 A, See Notes 4 ond 5 


Y Bose-Emitter Voltage Үс, = —4Ү, lp = —1 А, See Notes 4 ond 5 —1.3 | __-13| У | 
Veejsaty Coliector-Emitier Saturation Voltage | в = —125 mA, le = —1 A, See Hotes 4 ond eae ee 


Small-Signal Ccmmon-Emitter = С mai 
ће Forward Current Tronsfer Ratio Усе = —10\, 1с = —02 А, f = 1 khz 


Smoll-Signa! Ccznmon-Emitler - 
ША Forward Current Tronsfer Ratio 


NOTES: 4. These poromelers min! be measured esing pulse techniques. < эю из, Фу супе < 7%. 


Pulse width must be such thot holving or doubling does not couse a change greater thon the required accuracy of the measurement, 


$. These poromelers ore meosured with vollage-sensing conlocts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


switching characteristics at 25°C case temperature 


TEST CONDITIONS? 
Ін = --20 mA, LET] = 20 mA, 
№ = 1500, 


PARAMETER 
Turn-On Time 


lc = —200 mA, 
МЕГ = 3.4 Y, 


ton 


See Figure 1 


ғ ТҮспеҙ. ond current volver shown сте потіпої; excct wolves vory slightly with transistor poromesers. 


6136 кү TEXAS INSTRUMENTS 
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Loss 
POP  SLICIE-DIRRUSED SILICON POWER TRARSISTGR 


n ^m ane а Ја ene оре 
аталы mes 5 ME EET. етта -U bè ee I . wee 
O OUTPUT 


INPUT C— —- 
510 


со-- 


40.1 V 
| 5 ғ INPUT 
І 90% 
| | 
90% — | 
7 | OUTPUT 
10% -4 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: в. The input woveform is supplied by a generator with the following chorocteristies: t, < 15 ns, ty 15 ns, а = 500, tp = 10 ps, бшу суде < 2%. 
b. Wovelorms ore monitored on оп oscilloscope with the following choracteristics: 1, 15 ns, Ё, > 10 МО, (и X 1.5 pF. 
€. Resistors must be noninductive types. 


d. The d-c power supplies may require odditioncl bypossing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


-2 


= 
< 
і 
- -0.7 
5 
5 D-C OPERATION 
о ' 
5 
а: 0.4 
E 
55 
о 
. MAX Vero TIP30 
= -0. 

Z MAX Vceo TIP30A 

-0.1 
-10 -20 - 40 -70  -100 
Vee — Collector-Emitter Voltoge — V 


7 FIGURE 2 
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€, 
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P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
| *$aDICAL CHARACTEUSTICS 
e STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 
Vee = -4V 

о Тс = 25°C 

5 See Notes 4 ond 5 

ao О 

= 

Р 

© 

= 

= 

E 

5 

о 

> 

5 

ё 

© 

u 

5 

5 

a 

Џ 

E 

-0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -1 
lc — Collector Current — А 
FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
Ф; COLLECTOR CURRENT COLLECTOR CURRENT 


s || 


See Notes 4 ond 5 


Vae — Bose-Emitter Voltoge — V 


Vee (зен) - Collector-Emitter Saturation Voltage — V 


-0.01 -0.02 -0:04 -0.07-0.1 -0.2 -0.4 -0.7 -1 -0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -0.7 


Іс — Collector Current — А Ic — Collector Current — A 
О 


FIGURE 4 FIGURE 5 


NOTES: 4. These рстотејет must be meosured using pulse techniques. % < 30 из, duty күйе < ТУ. 
Pulse width mvs! be such thot holving or doubling does nol couse o change greoter thon the required occurocy of the meosurement. 


5. These porometers оте meosured with voltoge-sensing confocts seporote from the cursent-comying contacts. 


-— rer -- 2. 7%... -- — PO дь 


| PRINTED Be USA, 
ТЇ солто! cuivre спу responsibility fer слу ойны shown 
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INCORPORATED 
aN POST OFFICE BOX 8012 © DALLAS, TEXAS 75222 TEXAS ТРОНУ FESEZ CES ТРЕ RIGHT TO MEKE CHANCTS AT АТМ 


IYPES 11P33, T[P33A; TIP33B, ТІР 


N-P-N SINGLE- DIFFUSED МЕЗА SILICON POWER TRARSIST 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A, TIP34B, TIP34C 
• 80Wat 25°C Case Temperature 
е 10 A Rated Collector Current 
e Min fy of 3 MHz at 10 V, 500 mA 


mechanical data ` 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


И тасмам ABILITY OF з= 
PL ASIC FACE ACE жаты 10-2 OUT жм 
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ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP33  TIP33A  TIP33B TIP33C 
40 V 60 V 80 V 100 V 


Collector-Base Voltage — а 4 
JE шшш 40 V 60 V 80 V 100 V 


Collector-Emitter Voltage (See Note 1) 


Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current, . " 

Safe Operating Region at (or below: 25° C Case Temperature 

Continuous Device Dissipation at (or below) 25?C Case 
Temperature (See Note 3) " 

Continuous Device Dissipation at (or below) 25° c Free- Air 
Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Nate 5 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case: for 10 Брна 


"NOTES: 


. This value applies Тог tw 


. This value applies when the base-emitter diode is open-circuited. 


= 0.3 ms, duty cycle € 10%. 


. Derate linearly 10 150°C free-air temperature at the rate of 28 mwW/?C. 


. This rating is based on the capability of the transistor to operaie safely in the circuit of Figure 2. L * 20 mH, Ввву = 1002, 
Увв2 = О V, Rs = 0.1 О, Усс = 10 V. Energy = 


—— „а 


1 

2 

3. Derate linearly то 150°C case temperature ai the rate of 0.64 W/°C. 
4 

5 


1с20/2. 


TEXAS INSTRUM ENTS 


POST OkrFiCF AMY «0125 a Бата WEese Verse 


«g— —————— B М ————————P» 
«£———— ПОТА > 
я АА ——————ri- 

ЗА -------- 
See Figure 5 ————» 


ВОМ | ——2- 


А А АД 


3.5 W — 
<= — 62.5 mJ ———— > 
«x——— —65*Cto 150°C — —— m 
<2--- -—65?C10 150°C ———» 
-«-———————— 260?C - —t» 


IYPES ПРЗЗ, ИРЗЗА, TIP33B, TIP33C , 
М-Р- SINGLE-DIFFUSED МЕЗА SILICON POWER TRANSISTORS 


ғ electrical characteristics at 25°C case temperature б 


о 
e 
x 


УСЕ = 30V, lg = 0 
УСЕ = 60 V, Ів = 0 
Vcr = 40 V, УВЕ = 0 
Vcg = 60 V, УВЕ = 0 
Vcg = 80 V, МВЕ=0 
УСЕ = 100 V, УВЕ = 0 


А 


R IHE | тірзз | | ТІРЗЗА | | тіРЗЗВ | | ТІРЗЗС | UNIT 
PARAMET 
ES Pere MIN МАХ [MIN MAX|MIN MAX | MIN МАХ 
Wem ы ана NET 30 mA; tg о fv | 
Breakdown Voltage See Note 6 
А 
| й 


i Collector Cutoff 
СЕО | Current 


Collector Ситон 
Current 


ІСЕ5 


Emitter Cutoff 7 Е" — 
Current EB Б с 
УСЕ = 4 М, СЕТА, 
Static Forward СЕ с DI 
h See Notes 6 and 7 
БЕ Current Transfer Vu cV СІЗ 
Ratio CE : ба 20 100 |20 100 |20 100 | 20 100 
See Notes 6 and 7 


УСЕ = 4 У, ic = ЗА, 
See Notes 6 and 7 


Base-Emitter 


See Notes 6 and 7 у 
EIL 
ТЕТ Collector-E mitter See Notes 6 and 7 y 
Saturation Voltage Ір-2.БА, Ic = 10А, 


Small-Signal 


Common-E mitter УСЕ = 10 V, Іс = ОБА, 


һ 
fe =1 kHz 


Forward Current 
Transfer Ratio 
Small-Signa! 


Common-Emitter 


Forward Current 


HEN 
o 

м 
M Е 

~ 
ни 


Transfer Ratio 


NOTES: 6. These parameters must be measured using pulse techniques. ty, = 300 gs, duty cycle < 2%. 
7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 
Rejc  Junction-10-Case Thermal Resistance 
Raja  Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER 


он Turn-Off Time 


Tvotage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TEST CONDITIONST 
Ic = 6A, 18(1) = ОБА, 18(2) = -0.6 A, 
УвЕ(о1) = -4 V, RL=52, See Figure 1 


ee Белі re SEU. =... 
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TEXAS INSTRUMENTS 


TYPES TIP33, TIP33A, TIP33B, TIP33C 
R-P-N SINGLE-DIFFUSED МЕЗА SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
MONITOR 
OUTPUT 
MONITOR " 
Regi 1022 
2N5385 Vant VV — — {$ t 90% 
1М914 1М914 18934 a aa 
INPUT ov / — 
Y – - + == 
м $ -4У BEE р П > 
71 Rgg2* 102 В, = 512 Г 
270 pF ч = ton је = он] 
10. ў 
зов 
Jod OUTPUT \ 
Voen Vgg2* ам 10 90% ГС 
+ ^, 
= МЕС 30У 
P - 
Vegi ~ 16V 


ADJUST FOR I- 
Von* 14V AT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: А. Vgen is a —30-V pulse (from О V) into а 50-2 termination. 


L 


B. The Vgen waveform is supplied by a generator with the following characteristics: 1, < 15 ns, 14 < 15 ns, Zour = 50 О, ty, = 20 ps, 
duty cycle < 2%, 

- Waveforms are monitored on an oscilloscope with the following characteristics: 1; < 15 ns, Rin > 10 MQ, Cin < 11.5 pF. 

Resistors must be noninductive types. 

The d-c power supplies may require additional bypassing in order to minimize ringing. 


moo 


FIGURE 1 


INPUT 


INDUCTIVE LOAD SWITCHING 


Vce MONITOR 


ty = Sms 


ae. F— ise Note 8) 


П 
о 
INPUT 
VOLTAGE 
-5м- 
25А--4--А----- ---- FAC 
è COLLECTOR | 1 
+ CURRENT І 1 
----- 
1 


о 


L1 
(See Note А) 


2N5385 Reet TUT 


200 12 
(See Note А) 


Усс" 10У = 
7 1с MONITOR V(BRICER — — 


COLLECTOR 
VOLTAGE 


Vgg2* 0 


Vggi* 10V -= 


10У 
Oa — <= – = = = = = = <= - 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


А. L1 and L2 are 10 mH, 0.11 Я, Chicago Standard Transformer Corporation С-2688, or equivalent, 


NOTES: 3 
; т B. Input pulse width is increased until см“ 2.5 А. 


FIGURE2 


и а иа — —— mem e um m m I LEER HTTP __- - et mam m шз 


TEXAS INSTRUMENTS 


INCORPORATED 


IYPES ПРЗЗ, ИРЗЗА, TIP33B, TIP33C 


М-Р-М SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


hee —Static Forward Current Ratio 


TYPICAL CHARACTERISTICS E 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 


1 - РТ 
o Vers 
Тс-25%С 
400 [See Notes 6 and 7 | | 


200 


Baie 


2 


1 
0.01 0.04 0.1 0.4 1 4 10 


ІС-Соһесіог Current—A 


FIGURE 3 


NOTES: 6. These parameters must be measured using pulse 


techniques. W = 300 из, duty cycle < 2%. 

7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


Рт-Махітит Continuous Device Dissipation -W 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


Тс-Саве Temperature—^ C 


FIGURE 4 


Ic—Collector Current-A 


NOTE 8: This combination 01 maximum voltage and current ma 


— 


MAXIMUM SAFE OPERATING REGION 


1 2 4 710 20 40 70100 200 400 


МУСЕ -Collector-Emitter Voltage—V 


FIGURE 5 


inductive load. 


ТЕХА5 INST MENTS 
INCORPORATED 


anew ann .. 


KEY FOR FIGURE 5 


tw = 300 us, d = 0.1 = 10% 
tw = 1 ms, 9 = 0.1 = 10% ` 
tw = 10 ms, d = 0.1 = 10% 
D-C OPERATION 


y be achieved only when svvitching from saturation to cutoff with a clamped 


SE SE Bt tt SS хр 

РУРИЕО им 054 
ТЕ accro! evs me сту теріс Бау for сту (иын shout 
or sepresect tot they сте free fren poteat аео ment 
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7 | TYPES TIP34; РЭД ПРЗ4В, IIPS 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRARSISTO 


®© FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A, TIP33B, TIP33C 
е 80W at 25°C Case Temperature 
e 10 A Rated Collector Current 
e Min fT of 3 MHz at 10 V, 500 mA 


8961 АЛПГ '8960189 S-10 "ОМ NI L3231n8 S39 vV'1d3u 


mechanical data Р 
т 
THE COLLECTOR 1$ IN ELECTRICAL CONTACT WITH THE MOUNTING TAB n 
5 
m 
2 
миро зое n 5 
е о 
ALL DIMENSIONS ARE IN INCHES 
absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
b TIP34  TIP34A  TIP34B TIP34C 
Collector-Base Voltage . . . . e... 7. . . . -40У -—60V -80У -100V 
Collector-Emitter Voltage (See Note 1) — и и ке - АФУ —60 V —80V -100У 
Emitter-Base Voltage ....... SS ON ee 
Continuous Collector Current. 2... ......... .... «£—————— —10A — — 
Peak Collector Current (See Note2) . ............... = БА -------ғ- 
Continuous Base Current Я = ЗА 
Safe Operating Region at (or Бател 25° С page Tanperati «4————— See Figure 5 —————рие 
Continuous Device Dissipation at (or below) 25°C Case 
Temperature (See Note3) 2... 42% «£—————— бб 
Continuous Device Dissipation at (or Баву 25° С Егее- Air 
Temperature (See Note 4) < 35М/-------Р- 
Unclamped Inductive Load Energy (See Note 5) << 62.5 mJ —————— 
Operating Collectór Junction Temperature Range -«4—— -65°С% 150°C ———» 
Storage Temperature Range «4— ——  —65?C to 150°C ——— 
Lead Temperature 1/8 Inch from Case dir 10 M 4&—— ——— 260°C ——————— ве 
МОТЕ5: . This value applies when the base-emitter diode is open-circuited. Р 


. This value applies for ty, < 0.3 ms, duty cycle < 10%. 

Derate linearly to 150°C case temperature at the rate of 0.64 wfc. 

Derate linearly 10 150°C free-air temperature at the rate of 28 ти С. 

This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Яввт = 100 а, 


Vpg2 = 0 V, Ас = 0.1 Я, Усс = 10 V. Energy = 1/2 1c2L/2. 
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P-N-P SINGLE-DIFFUSED МЕЗА SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS Й THERMAL INFORMATION | 
STATIC FORWARD CURRENT TRANSFER RATIO | € 
т vs DISSIPATION DERATING CURVE 
COLLECTOR CURRENT 


Vece =—4V ^^ 
[ТС = 25°C 
"See Notes 6 and 


hfe -Static Forward Current Transfer Ratio 


Рт-Махітит Continuous Device Dissipation-W 


Ш 


1 
—0.01 —0.04 —0.1 —0.4 -1 = —10 


Ic—Collector Current—A Tc—Case Temperature—" C 


FIGURE 3 | FIGURE 4 
NOTES: 6. These parameters must be measured using pulse 
techniques. tw = 300 us, duty cycle < 2%. 


7. These parameters are measured with voltage- 
T sensing contacts separate from the current- ( 


carrying contacts. 


MAXIMUM SAFE OPERATING REGION 
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L] 22 GS В В == 
=? Н ИЕ 


KEY FOR FIGURE 5 


tw = 300 us, d = 0.1 = 10% 
tw = 1 ms d= 0.1 = 10% 
tw = 10 ms, d = 0.1 = 10% 


Ic- Collector Current —A 


|--- | 
—0.4 || | D-C OPERATION 
V] | 
-0.1 
-1 -2 -4 -10 -40 -100 -400 
Voce —Collector-E mitter Voltage—V | ы 
FIGURE 5 


е... 8: This combination of maximum voliage and current may be achieved only when switching from saturation to cutoff with a clamped (О 


inductive load. 
ас ——————— 
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TYPES TIP34, TIP34A, TIP34B, TIP34C 
Р-Н-Р SIHGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


- — c 


electrical characteristics at 25"С case temperature | е 


PARAMETER TEST CONDITIONS [мїм МАХ | UNIT 


| MIN. MAX | 
y Collector-E mitter їс = —30 mA, ig = 0, 
(ВНІСЕО Breakdown Voltage See Note 6 
іза Collector Cutoff —0.7 
Current Vcg = —60 V, ів =0 


МСЕ = —100 V, УВЕ = 0 


: Emitter Cutoff М p — 
EBO Current EB Ы с 


МУСЕ = — У, с==1 А, 
See Notes 6 and 7 

Vcg = —4 У, 
See Notes 6 and 7 


ы 


| 
о 


| 


Collector Cutoff 


| 
СЕ5 Current 


P 
о 


~ ~ 
^ ~ 


Static Forward 


hFE Current Transfer 


ІСс--ЗА, 


Ratio 


| УСЕ = —4 У, Ic = —3A, 
Base-Emitter See Notes 6 and 7 
Voltage УСЕ = —4 У, ІС-ША, 3 


See Notes 6 and 7 


1в = —0.3 A, ic =-ЗА, 

See Notes 6 and 7 
lg = —2.5 A, їс = —10A, 
See Notes 6 and 7 


Coliector-E mitter 


у 
СЕ (sat) Saturation Voltage 


Small-Signal 
Common-E mitter 


УСЕ = —10 V, Ic = –0.5 А, 


Forward Current f=1kHz 


ШЫ 
үү 


Transfer Ratio 


Small-Signal 
Common-Emitter 


hrel 


Forward Current 


Transfer Ratio 


NOTES: 6. These parameters must be measured using pulse techniques. tw = 300 ps, duty cycle < 2%. 


7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts, 


thermal characteristics 


PARAMETER 
Rgjc  Junction-to-Case Thermal Resistance 
RgjA  Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature  : 


PARAMETER 


‘он Turn-Off Time 


1votiage and current values shown are nominal; exact values vary slightly with transistor рагатетег5. 


TEST CONDITIONSÍ 
1в(1) = —0.6 A, їв(2) = 0.6 A, 
НВ, «50, See Figure 1 


Ic =—бА, 
VeEloff) = 4 V. 


Teas д > lain MIn т Т С 


NOTES: A 
B 


. Waveforms are monitored on an 


INPUT (м 
50 11 


А. L1 and L2 are 10 mH, 0.11 
Input pulse width is increas 


ПО s sceUIFFUSEU МЕЗА SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT IN FORMATION 


Q )NPuT 
1 MONITOR 


2N4301 


1М914 1М914 


P882 * 100 


10% — 
ov-- : == = = ж- am a - = — 
INPUT е 
Ri 51 Мол“ -MV— =] Aii 
1 
қ ! 
сс OUTPUT 
= Vee" 30у 10% 
+ 


Увв2“4у--. 


Vgp1* 16V 
ADJUST FOR 
Von*- 14 var |+ 


INPUT MONITOR 


1 


TEST CIRCUIT VOLTAGE WAVEFORMS 


+ Vgen і а 30-V pulse (from О V) into а 50-2 termination, 
. The М 


gen “aveform is su 


pplied by a generator with the following characteristics: tr 
duty cycle « 296. 


& 15 ns, 11 < 15 ns, Zour = 50 Я, tw = 20 ps, 


Oscilloscope with the following characteristics: tr < 15 ns, Rin > 10 MQ, Cin < 11.5 pF, 
Resistors must be noninductive types, і 


The d-c power supplies may require additional! bypassing in order to minimize ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


a , 1,5 ту 
УСЕ MONITOR | Set Now B) 
i ded [ 
INPUT 
VOLTAGE 
L1 о 
(See Note A) 


12 


іс MONITOR 


Vsa: = 10v = 


t 
! 
COLLECTOR | 
VOLTAGE П 

' 


П 
ViBRICER— + — — 


VOLTAGE AND CURR ENT WAVEFORMS 


TEST CIRCUIT 


n, Chicago Standard Transformer Corporation C-26 


88, or equivalent. 
ed until см = —2.5 A. 


FIGURE 2 
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WARRANIY 


Cohu, Inc., Electronics Division, warrants equipment manufactured to be free from defects of 
material and workmanship. Any part or parts will be repaired or replaced when proven by COHU 
examination to have been defective within one year from date of shipment to the original pur- 
chaser. All warranty repairs will be performed at the factory or as otherwise authorized by COHU 
in writing. Transportation charges shall be prepaid by purchaser. 


improper application, ‘repaired or altered by other than COHU or those authorized by COHU in 
writing. Television im (бе pickup tubes are warranted by the original manufacturer. 


" 
This warranty does | aktend to COHU equipment subjected to misuse, accident, neglect or 


This warranty is in lieu Ẹf all other warranties express or implied. СОНО shall not be liable for 
collateral or consequential damages. 


For customer convenienfe, service departments are maintained throughout the United States by 
СОНО Field EngineerirRepresentatives. 


ELECTRONICS DIVISION 
SAN DIEGO CALIFORNIA 


` 
5725 Kearny Villa oad, Box 85623, San Diego, CA 92138 Phone (619) 277-6700 TWX 910-335-1244 
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